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training courses prepared for real time reconnaissance

exploitation systems.
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SECTION 1

INTRODUCTION

Documented in this report are the activities performed under Contract

!"30(,02-76-C-0454, during the period October 1976 through August 1977.

Two phdses of the contractual effort are discussed in the report. These

phases are:

I.I. QUICK STRIKE RECONNAISSANCE (QSR) ORIENTATION COURSE PREPARATION

The basic objective of this first phase of the program was to establish

a training course outline and prepare the materials to be used in the delivery

of the training course. rour separate tasks were accomplished under this

phase. These tasks are:

i.I.I. Course Outline Preparation

The foundation of any training course Is to grasp an understanding of

the course objectives, and tailor the course to meet these objectives. This

task was accomplished early in the program; however, revisions to the course

outline were made during different stages of course material preparation.

These changes came about to insure thorough coverage of Instructional material

and to avoid redundancy between the various blocks of instruction.



1.1.2. Review, Select and Prepare Course Materials

AN/AAD-5 infrared imagery, and PAVE TACK FLIR data was reviewed and

selected for use in the QSR Orientation Course. All materials were prepared

in viewgraph form, incorporated into Practical Exercises (PE's), or were used

in scenarios devised for particular blocks of instruction.

As part of this task, a visit to Air Force Training Command (AFTC),

Lowery AFB, Colorado was made to monitor the infrared imagery interpretation

instruction blocks offered by the command, and to review their course materi-

als. This visit provided an insight into the infrared training that the QSR

interpreters previously received, and was an invaluable aid in establishing

the course outline for QSR training.

1.1.3. AN/AAD-5 Exploitation Manual Update

It was determined that since the AN/AMD-5 infrared system was not yet

operational, many of the QSR interpreters would be unfamiliar with its charac-

teristics and the imagery collected by the system. Therefore, it was decided

to update the existing AN/AAD-5 Infrared Exploitation Manual and include it

as part of the training materials provided in the QSR Orientation Cource.

The existing manual was reviewed, and necessary changes pertaining to the

production hardware were noted. Current operational imagery examples to

include common types of distortions and sensor malfunctions were incorporated

into the manual. In addition, documentation of the LORAN/Geographic coordinate
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conversions (provided by USAI" TAWC/ERR) were included as a separate section

to the updated manual.

1.1.4. QSR Orientation Course "Dry Run"

Prior to delivering the training course at Eglin AFB, Florida, all

instruction blocks were reviewed at RADC. Each Practical Exercise (PE) was

presented to image interpreters working in the RADC/IRRE Reconnaissance Data

Base, Rome Research Corporation, and Pattern Analysis and Recognition (PAR)

Corporation to insure that the content of each exercise was of high quality

for the training course.

1.2. PRESENTATION OF THE QUICK STRIKE RECONNAISSANCE ORIENTATION COURSE

The second phase of the program was the course delivery. The QSR Orien-

tation Course classroom was set up in Hanger #68, Eglin AFB, Florida. During

the period 6-17 June ln77 the orientation course was presented to twelve USAF

image interpreters. Upon completion of the course each interpreter was asked

to complete a course evaluation sheet. The results of this evaluation,

including comments noted on the sheets by the students, are included in this

report.

This report contains a description of the work performed under both

phases of the program during the eleven months of the contractual effort.

I T
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SECTION 2

PROGRAM TASKS

2.1. PHASL I - TASK 1 - COURSE OUTLINE PREPARATION

After gaining a thorough understanding of the Quick Strike Reconnaissance

concept and the QSR Orientation Course objectives, work commenced on preparing

a Course Outline/Schedule. Based on personal experience resulting from

completion of various imagery interpretation courses, and the information

obtained from the Air Force Training Command staff at Lowery AFB, it was

decided that training should not exceed a six-hour classroom day. The

outline/schedule established for the training course is shown i n Table 2-1.

The objectives of each instruction block that were accomplished during the

training course are included in the paragraphs that follow.

2.1.1. Day 1, Instruction Block I - Introduction

The objective of this block of instruction was to introduce the student

interpreter to 1) the Quick Strike Reconnaissance Concept; 2) the role of the

image interpreter in this concept; 3) the physical layout of the Quick Strike

Reconnaissance, Reconnaissance Reporting Facility Exploitation Shelter (QSR,

RRF/ES); and, 4) the objectives of the Orientation Course.

During this block of instruction the interpreter was made aware of the

QSR reconnaissance cycle as compared to the conventional "recce-cycle" that

2-1



Tab I'- ( Quick .;trike Reconnai issance Nar-Real Tie Infrared Trainir,; Course

Out] .i ne/S7.hedul

Instruction Subject

Class fl Block f1 Subjectr Duration

i 1 Introduction 2-3 Hours

2 Eistory of Real Time and 3 [fours
Near-Real Time Interpretation

3 Infrared Principlets 2 Hours

SInfrared Imagery Characteristics/ 4 Hours
I.R. Signatures

5 Characteristics of the AN/AAI)-5 3 Hours
Jnfrared System

6 Characteristics of the PAVE TACK 3 Hours
FLIR System

•, ;, ,e . .Detect in and ,ln r o u , ,o 3
Techniques -- AN/AAD-S, Near-Real Time

S7, Target D)etection and Identification 6 Hfours
Techniques - PAVE TACK FLIR, Near-Real
Time

Satur~day - - - No Classes

Sunday - - - No Classes

6 * Interrelated Variab] -s Affecting 3 Hours
Interpreter, Performance in Near-Real
Time and Quick Strike Reconnaissance

Data Base Preparation and Uti.lization I Hour

10 Mission Planning Considerations 1 Hour

11 Lab Work, Study Period 1 1Hour

7 11 Lab Work, Study Period 2 Hours

11 Practical Examination (P.E.) 2 Hfours

12 Practical Exercise in Near-Real Time 2 Hours
AN/AAD-.5 and PAVE TACK FLIR.

2-2



Table 2-]. (Continued)

11 13 Scenario 1, Mission Planning and I Hour
Prepar'at ion

11 'Scenario 2A and 2B Near-Real Time 5 Hours

Target Detection, Identification and

Reporting on AN/AAD-5 Imagery

.15 * Scenario 3, Near-Real. Time Target 4 Hours

Detection, Identification and Reporting

on PAVE TACK FLIR Video

16 el Scenario 4, Near-Real Time Target 2 Hours
Detection and Identification on PAVE
TACK PLIR and AN/AAD-5 Imagery

3.0 17 ' Final. Exam 1 Hour

17 Exam Co'rrection and Review 1 Hour

18 Closing Remarks 1 Hour

To include practical exercises
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he is faimiliar with. lHe was introduced to various jargon that he would be

hearing throughout the course. The mieaning, of real time and near-real time

interpi-etation was made clear during the first hour' or so of the training

program. Each interpreter became aware of what is meant by "time-scn-itive"

targets and understood his responsibility for the rapid detection, identifica-

tion and reporting of these targets.

A "Quick Strike Peconnaissance" training film prepared by Aeronautical

Systems Division (ASD) of Air Force Systems Comman~d (AFSC) was shown to the

class. Several viewgraphs were presented as training, aids during this first

block of instruction, and th -u;.hout the course.

Interpretation

D)uring this block of instr' interpreter gained an understanding

of the value and effectivenesr! .Ame and near-real ti-ne infrared

imagery interpretation.

The history of real rime and near-rea! time interpret:ation studies,

along with opel'atjona] emlployment of the concepv was pre.;elted. Several

viewgraphs 'vf infrared imagery examples collected by earlier systems were

used to pictorially illustrate the vast ;.dances made in the stat, of the art

of real time inmlrpretation.
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A 16mm FLIR movie of an actual combat reconnaissance/strike mission

flown in Southeast Asia was shown to the class. The film was of a Gunship

mission fragged against several time-sensitive targets. It is felt that this

film stimulated the interpreter's confidence in the real time/near-real time

concept. To conclude this instruction block and the first day of instruction,

the class was introduced to a 15-minute PAVE TACK video tape displayed on

CONRAC RBQ-17c video monitors.

2.1.3. Day 2, Ipstruction Block 3 - Infrared Principles

Infrared theorv, to ir;-]i1de the infrared spectrum (with concentraticn on

the spectral regions iLtend-jnt to the AN/AAD-5 and PAVE TACK FLIR systems),

atmospheric transmissioii -,t •P, basic radiation laws, and infrared physics

was covered at this time. The theory was reenforced by presenting theoretical

examples on act"ual infrared imagery in viewgraph forms.

2.1.11, Day 3, Instruction Block 1; - INfrared Imagery Characteristics/IR

Signatures

Techniques used in the interpretation of infrared imagery were presented

during this block of instruction. The interpreter became aware of the rela-

tionship that exists between the apparent temperature of an object and its

image tone. The "Inverse Square Law," and Lambert's "Law of Cosines" was

reviewed from Instruction Block 3 using infrared imagery examples to give

each interpreter a more thorough understanding of infrared theory. Emphasis

was placed on famniliarizing the class with the basic IR signatures of a
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,•elect•d clash of tai'gets (time-sensitive) and Jndicat]nf, di:;simi]arit•es

that arise due to variances that can and wi!l occur in the data collection,

ini:oi-mation processing and display cycle. Since a given type ol •,:arget

appears diffm•ently when imaged by a line-scan sensop system (such as the

AN/AAD.-5) scanning in a nearly vertical mode than when imaged by a i'LIR

system in a slant-range mode, imagery samples from both types of sensors were

presented to the class.

2.1.5. Day 3, Instruction Block 5 - Characteristics of the AN/AAD-5 Infrared

System

The objective of this block of instruction was to familiarize the inter-

pPetel' witll the ^ ,, .... r.

Scannip.g, p•'oces'•ing, and subassemblies and techniques weT'e discussed

and ilh, strated. Daytime and evening imagez•y examples were presented, alon•,

with examples depicting the results of vazlous system malfunctions.

To offer, the student a bette•_- understanding of how the AN!AAI)-:L nyslem

operates, a briefing on the system was provided by Honeywell Radiation

Corporation's field reln'esenta•ive. The student saw the system bet]ch oi>eyated

dul•ing a thi•y-five minute bz'iefing session.

2-6
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!..t Ia 3, Instruction Block 6 Chanicte,.i!tics of the PAVE TrACK FUIR

Because the PAVE TACK FLIR System is a newly-developed reconnaissance

tool, a major portion of this instruction block dealt with the characteristics

andI operating parameters peculiar to the system. In addition, the P'AVE TACK

display elements were presented to the interpreter in viewgraph form and

ex<plained in detail. Various target scenes photogr'aphed off the CONRAC video

monitor were also presented in viewgraph form. These scenes displayed targets

imaged under a variety of collection conditions to include image degradation

resulting from system malfunctions, and data collected during adverse weather

conditions. The students were shown a thirty-minute PAVE TACK tape during

tlhis instruction block.

2. 1. 7. Day_';, Instruction Block 7 - Target Detection and Identification

Techniques - AN/AAD-5, Near-Real Time

The key ingredient to ef~fective real time interpretation or near-real

t ime interpretation is rapid target detection and accurate target recognition.

"The ability to perform in these areas is the result of training and experience.

During this block of instruction the students were taught to scan ANfAAD-5

imagery employing all techniques of image interpretation. The majority of

the. insitruction took place in the form of "Practical Exercises" MIES).

1Lmagery containing, annotated targets was presente~d to -the interpreters at

various speeds. The interpreters were asked to re.ýord their interpretat ions

of the annotated targets. Upon comlel~ltionl of this exercise, a 'Tree Search



ixmroise" was conducted. During this exercise O ineterpreter wa• required

to detect: and annotate all "time-senuitive" targets found on the rilm, while

the second interpreter assumed responsibility for accurate interpretation of

the annotated targets. Each interpreter was allotted a limited amount of

time to detect and identify the targets.

These Practical Exercises served as a tool to teach the interpreter

rapid target detection and identification techniques. They also familiarized

the interpreter with the QSR "team concept" i.e., one interpreter detects

targets, the other identifies the detected targets. During the exercises

each student had the opportunity to work at a "de' iction station" and an

"identification station." Six hours were allocated to detecting and identi-

fying targets on AN/AAD)-5 infrared imagery.

2.1.8. Day b, Instruction Block 7 - Tar-get Detection and identification

Techniques - PAVE TACK [FLIR, Near-Real Time

The objective of this second part of Instruction Block 7 was to teach

the student interprete!r to rapidly detect and identify "time-sensitive"

targets off video monitors displaying PAVE TACK FLIR data.

Each interpreter became familiar with the CONRAC RBQ-17c video monitor,

and was instructed to experiment with the brightness control, contrast control,

and polarity and magnification switches. They were asked to use the controls

available on the CONRAC to enhance the data presented to them and thus improve

their interpretation capability.
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Four 4k0-ininute PAVE. TACK tapes were presented in the form of Practical

E;xercises. These exercises were Conduicted in a manner similar to the AN/AAD-

Sexercises; however, target detection and identification were done simultane-

ously. After completing each exercise, the interpreters were 'talked through"

each tape, and their answer sheets were corrected.

".,1.9. Day 5,Instruction Block 8 - Interrelated Variables Affecting

Inepee efrace ntuto lc 9 - Data Base Preparation

and Utilization, and Instruction B~lock 10- Mission Planning

Considerations

The objective of Instruction Block 8 was to familiarize the interpreter

with conditions that can adversoly affect his performance in near-real time

interpretation. Two main variables were discussed:

1 Stimulus Variables (Display Conditions), and

2 R esponse Variables (Interpretation Conditions)

Two techniques available to the Q!;)? inl~erpreter that can effect both

stimulus and response variables are data 1bwIre preparation and mission planning/

preparation. Becauise of this,, Instruction 1PýIoc)-: Rl, C), and 10 were dealt

with together. Dy presenting the mnaterial in this manner each interpreter

became aware of the importance of thorough miission planning!/preparat ion. He

also recognized tho value. of a data bane When pr'.paring for a QSP mission,

and while piFrforuing durirng a QSJ( missiorn.
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in addit ion to a thirty-mi nute 11, I1, tape, !8evewra, viewgraplh,• were used

during these instruction bi ocks.

.. 1.1. Day 6, Day 7 InstrucVi.on B.1ock 11. - Lab Work. StudyPeriod

The intent of this three-hour study period was to allow the student

interpreters adequate riae to read the AN/AAD-l) Infrared Exploitation Manual

(updated under the scope of this contract). In addition, all instructors

made themse-lves available to answer questions the s+'udents had coneernihg any

material covered during fvevious blocks of instruction.

2..1..1 . 2 "D , instrluction Block 1.1 - Practical ExamindLion

This two-hour block of instruction was comprised of a one-hour practical

examination in detecting and ident frying specific targets on AN/AAI)-) infrared

imagery under simulated near-real time conditions. During the second hour

the interpreters were given an examination in detecting. and ident-I fying

specific targets on PAVE TVAK FITR. The results of this examination provided

the instructors with information concerning the student interlpreter t s progress

to date.
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2.1.[12. 1Pav', Instruction Block 12 - Practical Kxercise in Near-Real Time

"Tfget Petectioii and 1(lentification - AN/AAD-5 Imag, erz and PAV E

TACK PLIK

The objective of this practical exercise was to oI:ter the interprete•rs

additional experience working in teams. Data was presented in the form of

"hardcopy" AN/AAD-5 infrared imagery viewed over PTCHARDS 9x,10 light tables,

.ina PAVE TACK I'LIR data displayed on the CONFAC video monitors. Two senior

ranking NCO's acted as QSR team chiefs and supervised the exercise. Each

exercise was timed to give the teams experience in rapid target detection and

identification.

1. 18, Instruction Block .13 - Scenario 1, Mission Planning/Preparation

This scenario served as a practical exercise and complemented the material

covered during Instriuction B1oe& 1O)

During this one-hour scenario the QSR interpretation team was notified

that a QSR mission had been fragged to Fly in a designated target area against

specific types of targets. The team then prepared for the mission.

2.1 .i. PDay 8, Instruction .Dlock 14 - Scenario 2A and 2B, Near-Real Time

T:rget Detection, Identification and Reporting on AN/AA;)-5 Imaier.

The three primary functions to be accomplished in near-rea.l time ground

expl.oitation of imagery were covered during this instruction block with emphasis

2-11



oil repolrt pje3:ar"-it ic-. "!he g;Ue t-: ,in :C,'preter, became thovoukh by fami].iar,

with the QN "KQuick ! 1 ollO't" formatI:, nd Z ,JI repIortin procedures.

Working in teams, the interpreters participated in practical exercises

prusented in scenavio f) orm. During these exercisce, targets were reported on1

QSR "Quick Report" forms.

This provided the interpreter wit:h experience using this type of report,

and with the abbreviations used in the report format.

AN/AAD-5_ imagery was used during this scenario.

?.1.15b. Dy j, Instruction 3Lock 1.5 -gc¢enar.io 3, Near-Real Time 'raret

Detection, Identification and Reportin, on PAVE TACK FLTR Video

Thi•s :Ccelario was conducted in the .frame manner as scenarios 2A and 21;

however, PAVE TACK 'TIR data was used rather than AN/AAD-5 imagery.

2. 1.1G. Da' 9, Jnstruction Block 16 -- Scenario it, Near-Real Time Target

Detection, Identification and Reporting on PAVE TACK MLIR and AN/AAD-5

This scenario was conducted in the same manner as those presented dur'ing

Instruction Blocks 14 and 15. PAVE TACK TII]M data and AN/AAD-5 imagery was

used in thi',ý ;cenarlo, providing additional experience to the student inter-

preters.

2-12



2. 1 . 17. Day .10, Iustpuction Block-), 1.7 inal 1:xamina1ion

A f ina.1 examinoation was preymred to test the onte'prete's on their' under-

standing of the Q3R Concept, and Iheir ab.lity to perform .interpretation -tasks

i n near-real time conditions. Because of the knowledge di;Itayed throughout

the course by the interpretor•e the examination was not administered. Each

student was asked to evaluate the coure e during this scheduled one hour blocb

of instruction. The results of this evaluation will be discussed later in

this report.

2.2. PHIASI I -- TASK 7 - RFVIEW, SELE"CT, ANT) PREPARE COURSE MA'TERIALs

Whi.1 proparing the QSP Orientation owOUrs Out].inoe, an est.mate owas made

as. to th- amount of AN/AAh-5 infrared imagcrv, and P'AVE TA(K l'IIR data neodod

for the various instruction blocks. USAF and orher Co',vernment agencies were

contacted in an offort to obtain adequate tra .ining materials. Lescribed in

the paragraphs that follow are the procedumes used to review, select, and

prepare these ,materials.

2.2.1. Review, and Selection of Training Materials

Trilning materials reviewed for use in the orientation course %wre:

o AN/AAM)-5 Infrared Imagery

0 PAVE TACK FLIR Tapes
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0 unagury VaIflJ t ir a o nutI dud Pkc I td !. ;g vIn tlŽ'[rc lit

Key'S -Ind TcnicL!co

2.12. 1. AN/AAD-%, 1liared fma,'erv

It was determined during the early monlth 01 the contractual effort that

dletrge aiiuount o01 AN/AAD-hý ln rvai'cd Imi-oryP woul1d bfn rcquived Vo nr-Ov~ici thle

OSIZ interpreters wit), nutfirient drita fol- optimum training.

finagerv was obtained from four' maj3or sourees. These7 som..ees were:

1. Por-ne Aiu' Developmnent Ce-nter (PAnI)( I1(i) Deoni~;n~Iata B1ase

2. 1.701 Tactical Reconnaxizisancc Squadron (TWS), USIT~~

3. J1SA[ TAWC/1klRR .od tile

It Ue lense Intullijgence! Agency (DIlA)

Emp'ha sis was placed onl :selecting iinagc-ry containinp target!- of j "t ime-

sensi -it: -V nature, * nnce these. aWo Ohe tyupes of takriets that a OSR mi i on

wi !I he I.Ilown ;lga inst . In add it ion, 1. wa:-' noeec sary 1-0eic iwagcrv, IF own

aL. alt iltuuC coflI-dab!..iŽ to hoefl ow un L1rnip a )uicl< Ker il he Poconna iss'aicee

!"UVvcnLeten AN/AADi-$ mi-scionls (ap!rOxinlietely 800 ii near fee'l: of imag'ery)

wey-( 1wCatedl in the RAIIC! IR1 tRL econna tiace Dt ise ,CiIFi A11, Now



1o-K T'hc.I' t 1(rt , -r(-';'v~iewed . anl.I1rdj~ lopv WO a Atr~ t tho aippr'oprii/1 i'

~'lI:iiue~th.;I- c(Ifilt:inp(I tar'getCl*Xadinplco wlaL" R1luctcc1 ForV';UQ,

The 17th 1T.. locaited .i u I SjAII wns umi Iach( t~ i in an -. Frok t to ol'ta in eaddi -

4-ionac~l1 ANIAA12- S imfld~ery, V)ue ito ail roat' c 1-titlide Ji nitattoi'AS hi USAfUL: a

lMAtY am!ouint of imagnrv ims "~do- avaxi .able, 11 fteern emmVIrcp contain~g

tarsets of a time-sensitive nature were recved f'oiix Hie U'th TRS. All of

Lthis ~imteria imiws reviewed ,n uv-od in urho training, Coxxxse.

The butk of AN/AAl)-A iinaaery was procmv'd FranE IJSA TAWI/LRR Eogiix MT,)

[Floridax. Over V.000 linear fect of imagery waz; rov iowo( ex t TAWC1 ad N,1d

linear' feet was selected as training material.

In an ef, ort to obtain a wider variety of tavget lypes * adckitional

AN/AAD-! iwcq,,er~y was ruquŽs ted Fromu liA . '~ver 500 Ji. neau' feet: was r'ece iv~ed

ai) Vev iteWC(I for tdgrSelect ion.

2. ). ~ PAVI. TACK( 11'.1)?I

All1. I'AVI.' TACK MI~]R used in the QS1R Orienta'tion Couvsc was obtiiineýd froom

TAWC/ERN.. Nvor SLP1 i te.pors 'woro e 'v imWed in thc PAVU: TACK office at Ugl~in

A 13 . Wrxty-txr~ee tapeso were dMbbN for "se in tho traiuiing prolgrIalt. selec-

t ion of tho, tapes war, based on overall. Inage qval i1y rand the number of tilne-

:;ensi Live targetis avai~iable oil each Inission.
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2.2.1.3. Viewgraphs

The viewgraph file in the RADC/IRR Reconnaissance Data Base was

researched for viewgraphs that could be used in the training course. Several

viewgraphs documenting the history of near-real time and real time interpreta-

tion were selected as training aids. In addition, the file contained view-

graphs pertaining to infrared theory. These were also selected for the

training course.

2.2.1.4. Imagery Interpretation Manuals and Related Imagery Interpretation

Keys and Technical Reports

The RADC/IRR -econnaissance Data Base was the primary source fol obtain-

ing interpretation manuals, keys, and technical reports. Over '/5 dii [eenTt

documents pertaining to infrared theory, interpretation of infrared imagery,

real rime and near-real time interpretation of infrared, and FLIR were

reviewed and :,esearched for training data. r- the bibliography for a listing

of the primary documents in which information was extracted for the training

program.

2.2.2. Preparation of Training Materials

A Quick Strike Reconnaissance Training Manual (Appendix A) was prepared

and provided to each interpreter participating in the QSR Orientation Course.

Pr•paration of training material included:
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o Textual data composition for each training block,

o Viewgraph construction,

o AN/AAD-5 imagery annotation, "mock-up," and reproduction,

o Editing and dubbing of PAVE TACK FLIR data

0 Development of Practical Exercises and Practical Examinations,

o Scenario development, and

o Construction of instruction Block Training Packets

2.2.2.1. Textual Data Composition

Each training block of instruction was researched and writ-ten for inclu-

Lon into the QSR Tra~iniing Manual. All textuall material. was typcd on rgnagIt.c

cards and "played back" on reproducible ::asters.

2.2.2.2. Viewgraph Construction

All illustrations and imagery examples included in the

training rianual were prepared in viewgraph form, and included in the appro-

priate instruction Block Training Packets (refer to Section 2.?.2.6. ).

Over 200 viewgraphs; were prep~ared •is int.uc t tion a ids for the course.

2.2.2.3. AN/AAD-5 Imagery Annotation, Mock-Up and Roeproduction

AN/AAD-5 imagery selected for uLS in the training course was intcr-

preted in detail. Appropriate targets were annotated by image scene, and
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keyed to overlays and answer~ sheets. Dluplicate negative transparencies were

"1mocked up" to simulate the AN/AAD-5 data as i;t would be rece-ived in the

P /Eand were reproduced in quantity for use in Practical Exercises. Six

Practical Exercises, and scenarios were prepared for interpreter training.

Adequate "filler" (imagery cont~aining no significant target activity) was

included in each exercise and scenario to typify an actual QSP mission.

O.'er 1,1` -' inear feet of imagery was, prepared for reproduction and for

use in training.

2.2,2.u. Yditing- and' ,~ubbing, of P~AVE TACK FLIR Data

Data fsroi-- forty-.th~ree PAVE TAkCK 1'LIR tapes were reviewed uti~llzirig the

CObIAC IJ13Q-17c video monitors and the IVC 825A video recorder. Tapes contain-

ing, (rR I rTge t eXampIIles Were dubbed for use in the training course. In

addit~i.on, tzipcn depicting the effects, )F' adverse weather conditions on FLJIR

were dubbed along with exairples of data acquired in the display modes listed

in 'raib.iet ý-2.

Table 2-3 lists the duration of each tape dubbed by instruction block and

sub-lect.

A total of 33iO minutes of PAVE, TACK FLIR data was dubbed anid used in the

training co-urse.
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Table 2-2 PAVE TACK FLIR Display Modes

Display Letters Mode

TRK Track

SP Snow Flow

TM Terrain Monitor

MPT Memory Point Track

FWD Forward Acquire

R Right Acquire

L Left Acquire

CUE Cue

"2-19



Table 2-3 PAVE TACK FIIR Data

Instruction Block Subject Tape Duration

1 Introduction 15 Minutes

6 Characteristics of the PAVE TACK 30 Minutes
FLIR System

7 Target Detection and Identifica- 120 Minutes

tion Techniques - PAVE TACK FLIR,
Near-Real. Time

8 Interrelated Variables Affecting 30 Minutes
Interpreter Performance in Nea-r-

Real Time and Quick Strike
Reconna issance

.1 Practical Examination 20 Minutes

12 Practical Exercise in Near-Real 30 Minutes
Time AT4/AAD-5, and PAVE TACK FLIR

i5 Scenario #3, Near-Real Time 55 Minutes

Target Detection, Identification
and Peporting on PAVE TACK FLUR
Vijdeo

16 Scenario 104, Near-Real. Time Target 30 Minutes

Detection and Identification on

PAVE TACK FLIR and AN/AAD-5 Imagery
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2.2.2.5. Development of Practical Exercises and Practical Examinations

Practical Exercises and Practical Examinations were developed using the

AN/AAD-5 infrared imagery and the PAVE TACK FLIR tapes. Each exercise was

designed to train the interpreter in rapid target detection and recognition.

In addition, two scenarios were developed as practical exercises in report

generation.

All exercises typified QSR missions in that: 1) imagery was presented in

short segments with clear acetate leader (in the case of "hardcopy" AN/AAD-5)

separating each image scene, 2) imagery was collected at altitudes peculiar to

actual QSR missions, 3) targets depicted on the imagery were of a time-sensi-

tive nature, and [4) the image interpreters were required to cormplte their

interpretations in a time frame consistent with the QSR cycle.

Over 57% of the QSR training was presented in the form of Practical

Exercises. The objective of each exercise can be found in the appropriate

instruction blocks of the Quick Strike Reconnaissance Training Manual (Appen-

dix A).

2.2.2.6. Scenario Development

Scenarios were prepared in the form of Practical Exercises. Each

scenario was designed to familiarize the interpreter with his duties and

responsibilities when working in the RRF/ES. During each exercise the inter-

preter was informed of the specific types of targets he would be responsible
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to report. Table 2-4t depicts the instruction blocks that were presented in

sce-.ario form. The objective of each scenario can be found in the appropriate

instruction block of the Quick Strike Rcconnaissanc• Training Manual (Appendix

A).

2.2.2.7. Construction of Instruction Block Training Packets

Instruction block training packets were prepared for each block of

instruction. In addition to the textual information contained in the Quick

Strike Training Manual, each packet also included an instructor's outline,

instructor's notes, viewgraphs, answer sheets (where appropriate), and other

training aids pertinent to each individual instruction block. All training

materials and packets were appropriately labeled and incorporated into the

RADC/IRR Reconnaissance Data Base at the completion of the course.

2.3. PHASE I - TASK 3 - AN/AAD-5 EXPLOITATION MANUAL UPDATE

During the training material preparation phase of the program, ASD and

RADC determined that the AN/AAD--S Infrared Reconnaissance Set Exploitation

Manual should be included as part of the course training materials; however,

the existing manual pertained to the XA-2 (preproduction) units. It was

therefore decided that the manual should be updated to a format which would

pertain to the "production" hardware, which will become operational in mid-

1977. This operational system is employed in the QSR configuration.
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Table 2-1; List of Scenarios

Instruction Scenario
Block Subject Duration

13 Scenario 1, Mission Planning and 1 Hour
Preparation

11 Scenarios 2A and 2B, Near-Real Time 5 Hours
Target Detection, Identification, and
Reporting on AN/AAD-5 Imagery

15 Scenario 3, Near-Real Time Target 4 Hours
Detection, Identification and Reporting
on PAVE TACK FLIR Video

16 Scenario 4, Near-Real Time Target 2 Hours
Detection and Identification on PAVE
TACK FLIR and AN/AAD-5 Imagery
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The task to update the manual commenced on ] March 1977, and was com-

pleted on I June 1977, with the end results being one-hundred copies of the

updated document. A description of the areas revised and updated are de-

scribed in the following paragraphs,

2.3.1. Identification of Revisions

Four major areas to be revised were identified in the ?;tatement of Work.

These revisions included:

1. Incorporation of all changes necessary to the textual and illustra-

tive ...aterial necessary to reflect changos prtainig to the produc-

tion hardware version of the AN/AAD-5 system;

2. Review and selection of current operational examples of AN/AAD-5

infrared imagery to be incorporated as examples in the revised

manual;

3. Selection of representative samples of imagery depicting distortions

resulting from sensor and other "system" malfunctions to be incorpo-

rated into the manual, with a description of the causes of these

distortions; and

4. Preparation of documentation describing the LORAN/Geographic coordi-

nate conversions.
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Results of the work listed above were to he provided as new or modified

pages for insertion in the revised version of the manual; however, after

reviewing the existing manual, it was determined that the revisions were too

extensive and it would be more advantageous to prepare an entirely new updated

manual.

2.3.1.1. Changes to Textual and Illustrative Material

All textual and illustrative material was reviewed and necessary changes

were made. Technical input for the changes was provided by the Laser Optical

Branch of Aeronautical Systems Division, Wright Patterson AFB (WPAFB), Ohio,

Honeywell Radiation Corporation, Lexington, Massachusetts and the QSR Program

Offic., WPAFB, Ohio. Eight updated 1l1ustrative pages and eight pho-o•-•-ah

of the AN/AAD-5 components were included in the revised manual.

2.3.1.2. Imagery Review and Selection of Imagery Examples

Approximately 9,000 linear feet of AN/AAD-5 imagery was reviewed, and

selected examples weere "mocked-up" for printing and incorporation in the

revised manual. In addition, six imagery examples received from the 17th TRS

USAFE were included. A list of selected examples can be found in Table ?-5a.

2.3.1.3. Selection of Imagery Depicting Diistortions

Imagery examples illustrating the various aspects of mission planning to

include target orientation, altitude, FOV, smoke penetration, day-night
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Table 2--5a Table of: AN/AAD-" Imag•ery I;xamrple!e;

.igure List of FIiures

2.10 AN/AAD-5 Introdu•ctorv Scene

2.11 Imagery Examplic: Chemical Processing Industry

2.12 Uncropped Operational Example: Power Substation

2.13 Operational Example: Heavy Fabrication - Mechanical Processing

2.l14 Uncropped Example: Possible Nuclear Power Plant (Under
Const r, uct ion )

2.15 Operational Example: Missile Site

2.16 Operationa.] Example: Storage Area

2.17 Ornerational Example: Troop and Vehicle Activity

18 jve'aialonial Examle)oi: 1oad0 Junction

2.19 Operational Example: Radio/TV Broadcast Tower

2.20 Uncropped AN/AAD-5 (XA-l) Lxample, Litton Shipbuilding

2.21 Unc.ropped AN/AAD-5 (XA-I) Eglin AFB (Main) Florida

2.22 "S" Shaped Diagonal Lines Characteristic of Non-Rectilinearized
Imagery - AN/AAD-5 (XA-l)

2.23 AN/AAD-5 Altitude Comparison

2.24 AN/AAP..5 Alt:itude Comparison

2.25 Field of View (FOV) Comparison: Canal Lock

2.26 AN/AAD-5 (XA-I) FOV Comparison - Simulated Surface to Air
Missile Site (SA-3 UNP)

2.27 AN/AAD-5 (XA-l) rOV Comparison - SAM Site V, Underbrush Range,
1;gJ in API>, Florida

2.20 AN/AAD-5 (XA-l) Day/Night Comparison - Schenectady County
Airport

2.29 Imagery frxamp].e: Fossil Fue] Power Plant
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cromparisont' and the use of obliquif-y as it r'elates to mission planning were

.c.1ccted and ilncorpora1:ed into the manual. In addit:ion, i,,m.gery dep>icting

numerous mad.i unctions and distortions was selected and .icluded to aid the

.h)terpretev and mis ion planner.

Assistance in identifying the causes of distortions on the AN/AAD-5

imagery was provided by Honeywell Radiation Corporation. A list of selocted

examples can he found in Table 2-5n.

2.3. i. If. O1PAN/Geographic Coordinate Conversions

The revised manual includes an entire section describing LORAN/Geographic

coordi-nate conversionr. This ,infor•,iation was prepared by USAF TAWC/ERR, E'glin

APB, Florida. PRC program personnel reviewed, edited and reformatted the data

prior to its input.

The updated AN/AAD-5 Infrared Reconnaissance Set Exploitation Manual was

used when preparing and delivering the QSR Training Course. Each student

interpreter was required to read the manual in its entirety during• a specified

training block.

2.4. PHASE I - TASK '. - QUICK STRIKE: TRAINING COURSE "DRY RUN"

To insure that all training material was of high quality for the course,

all Practical Exercises and Practical Examrinations were a(ministered to image

interpreter.v; prior to (e1.ivery of the course at Eglin A'D, Florida.
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Table 2-5bb Table of AN/AAI)-'% Imacgrvy Exampl,.;

ig.rt List of Figures

3,02 Imagery Example: Clouds

3 .03 Imagery Example: Trrrain Shadows

3.04 Imagery Example: nround Fog

3.05 Imagery Exampl.e: Use of Obliquity to Deterlidne POL Tank Levels

3.06 Imagery Example: Orientation compariison

3.07 Imagery Example: Altitude Comparison

3.08 AN/AAI)-5 (XA-l) Time Constant Effect From Water to Land

3.09 AN/AAD-S (XA-l) Information Loss Due to Automatic Range and
Gain Controls

3.10 rmaery 1jv:xaln-.: Smoke Plenvtraton

3.11 Imagery Example: Rol.) Distortion

3.12 Imagery Example: Image Distortion Caused by Excessive Roll

3.1.3 Imagery Example: Electronic Noise and Lxcessive Roll

3. 14 Imagery Example: Electronic interference Coherent with Scan

3.15 Imagery Example: TACAN/Radar Pulse Interference

3.16 !mnagery Example: 1Ii{gh Voltage Interference from within the
Infrared System

3.17 Imagery Example: Static Electricity and Absence of Data Block

3.1(, Imagery Example: Film Drive Problem and Improper POV

3.19 Imagery Example: FOV Mode Change

3.20 Tmagery Example: Improper V/h

3.21 Unciopped AN/AAD-5 (XA--I) - Incorroct V/h Input to Sensor

3.22 I&agerv Example: Excessive Aircraft Pitch

3.23 Imagery Example: Light Leak
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)S I'I IA: I" 11 TAI I K I I' TOTA1Iil IlON (T TILL QU "k T I KU IPSUCO NAI3AN1CE

oI1! 1;NTATION COURuw1

D)uring the period 5--l' June 1977 the Quick StrIke Reconnaissance Oriienta-

tion Course was presented to twelve USAF image interpreters,. 'he "Course

Outline/Schedule" (Table 2-1) was followed throughout the duration of tie

training program. Two ins tC tovs Fromn RRC participated in p esentingg mateo-

ria). during each block of Instruction. !Du'ing Practical Exercises, and

Practical Examinationa RRC providod thr,.e instructors to administor each

exercise and assti st the student hnterpr'eters. In addition, RADC/IRRE provided

an instructor to asv, .st during selected blocks of instruction.

The c.- assroom was S Sd: up itn Hmner 466, htEg in A IB, l'.o,'ldak. The room: wacV

a-6-conditioned, well lighted, mnd had ample floor space to insure an adequate

tv,,in.lug yfVn5l'unmieut . 1'igures 2-.1 and 2-2 depict ihe classioota configuralt:ion.

2. 5. .. Preentation Tech /ethods of Ins;tructieon

The course schedule was set tip for a six--hour clazsi'oom day. Student's

were allowed a tell-minute vest break after each hour of ins-truction, and an

hour, uinch period. A relaxed atmosphere was establihed -tarly andl prstvai led

thiroughout the dkhration of the course.

The imIporl"al):ce of the role of each team memtev in the (,rQR concepD: war

emphasiz~ed dulring thle introduction, and vras rnitevated throughout the cours%Ž.

EI'ch student in teVpue tc: w His made to !.realli-.O tha t hils C0on ti'-i ut ion to thu
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Figure 2-1. Quick Strike Reconnaissance Classroom Presentation of Lecture
Mahterijal
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Fi"gure 2~?Qiic1ý Ytrike Feconnaissance Classroui Practical Exercises

424

Work Area - Interpre-

ration of AN/AAD-5
IR Imagery on
Richard's 9xL4O Light
Tables

~ u~p4-,

Practical Exercise
Work Area - Inter-

pretation of PAVE
TACK FLIR Data Off
CONRAC Video Moni-
tors
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IOT&E of the Quick Strike Reconnaissance Concept was essential to Insure a

successful program.

2.5.1.1. Lecture Presentation

Approximately 43% of the orientation course consisted of lecture mate-

rial. During the first meeting an outline of the course and a clear statement

to indicate the way the course would be conducted and what was to be expected

of each student was given to the class. In presenting the outline, the

instructor was cautious not to make the course appear overwhelming.

2.5.1.2. Presentation of Practical Exercises and Practical Examinations

Fifty-seven percent of the course material was presented in the form of

Practical Exercises and Practical Examinations. RRC instructors administered

each exercise and assisted student interpreters who were realizing difficul-

ties with the material. Upon completion of each exercise the students were

"talked through" each mission and their answer sheets were corrected. Figures

2-3 and 2-4 depict student interpreters participating in Practical Exercise.

Tables 2-7 and 2-8 provide the results ot the exercises. Results of the

"annotated search" on AN/AAD-5 imagery is not included. This exercise was

intended as a practice exercise to familiarize the students with the material

format.

33



Practical Exercise
AN/AAD-S Infrared Imagery-
Two-Man Team Concept

Practical Eyerciso.
AN/AAD-5 InfrPared imagery -

Individual Exercise

rigure 2-3
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Practical Exercise-
Target Detection,
Identification and
Reporting -AN/AAI)-S

Infrared Imagery

Practical Exercise-
Team Concept, Target
Petection, Idmntitficat ion
mnd Peportinp - AN/AA[D-5
Infrared Imagery 

'"
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2.5.1.3. Course Evaluation Sheet

Upon completion of the Quick Strike Reconnaissance Orientation Course

each student was asked to complete a course evaluation sheet. The results of

this evaluation are shown in Figure 2-5a. Additional comments about the

course or instructor(s) can be found in Figure 2-5b.
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Figure 2-5a Quick Strike Reconnaissance Course Evaluation

This questionnaire gives you the opportunity to express anonymously your
views of this course and tht- way it has been taught. The results of this
questionnaire will be made available to all concerned. Indicate the response
closest to your view by selecting the appropriate letter and entering in the
blank before each comment.

A - Strongly Disagree. You strongly disagree with the statement as it
applies to this course or instructor.

B - Disagree. You disagree more than you agree with the statement as it
applies to this course or instructor.

C - Agree. You agree more than you disagree with the statement as it applies
to this course or instructor.

D - Strongly Agree. You strongly agree with the statement as it applies to
this course or instructor.

Results
D CBA A

1. The overall objectives for the course have been IlIade clear. 5 7--

2. There is considerable agreement between the announced 4 7
objectives of the course and what is being taught.

3. The amount of work required is suitable for the two week 5 7
period.

4. The size of the group is not too large for effective 8 4

instructor performance.

5. The practical exercises have aided the overall learning 6 5 1
process.

6. The text materials make a significant contribution to the 3 9
course.

7. The course stimulates your thinking of the reconnaissance 5 7
- exploitation techniques and related subjects.

8. The theoretical discussions are helpful to understanding FLIR 4 8
concepts.

9. The theoretical discussions are helpful to improving 2 8 2
proficiency as an interpreter of FLIR.
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Figure 2-5a (Continued)

10, Over-all I would rate this course as, satisfactory. 7 5

_Vl. The instructors have been actively helpful when you have 8 4
dif f iculty.

12. The instructors are readily available for consultation with 7 5
students.

13. The instructors make you feel free to ask questions. 9 3

14. Material is presented at a reasonable pace. 6 6

15, The examples or illustrations clarify the material for you. 4 8

IF YOU HAVE ANY ADDITIONAL COMMENTS ABOUT T14E COURSE OR 1NSTRUCTOR, PLEASE
WRITE THEM IN THE SPACE PROVIDED ON THE COMMENTS SHEET.
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Figure 2-5S) Course Fvaluation Student Comments

"Very helpful to he able to look at what is discussed and see examples than

to try to visualize in your mind."

"About the only thing that I didn't like about the course was that after

the Practical Exercises it got boring going back over, the tapes to review

our answers. Perhaps if you had templates for everyone to review their

own film it wouldn't seem so boring."

"Great course."

"I greatly enjoyed the informality of the classes. The learning process

was greatly enhanced. I felt quite free to express my opinions when I wanted.

Thank you for an informative class. I don't however see the purpose in

the depths of theories that we covered. The exercises helped tremendously.

The two systems are a great improvement over the AAS-18."

"The course was professionally presented and succeeded in stimulating an

exuberant group participation. The instructors were somewhat hampered by

a lack of PLIR tapes with a variety of target signatures, but they did an

excellent job despite this drawback."

"Very informative class."

2-41



Figure 2-5)) (Continued)

"The Practical Exercises were a useful tool for orientating and demonstrating

the many facets of Q2R. However, too often they were presented in a dry

manner. This led to long hours of boredom, interspersed with a few seconds

of sheer panic."

"All instructors presented the material. in a manner which all could understand

and enjoy.'

"Speaking as an individual voice, I would like to have seen more emphasis on

the nuts and bollts of the sensor systems in the vein of malfunctions etc."

"Course was useful. in improving techniques in identifying quickly possible

esenmy equipment. QSR concept is a good idea. Instruction and classes being

kept on an informal level made a more relaxed atmosphere, which is much

easier to learn in. I thought the AAD-5 Manual should be read toward the

beginning of the course. Reading toward the end repeats too much of what was

already learned before.

"Due to the limited amount of AN/AAD-5 and FLIR material (film) the last

three Practicals were boring."
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SECTION 3

SUMMARY

All of the tasks defined in the Statement of Work have been completed,

with the results being described in Section 2 of this report. Contract hours

were applied 100% to the program. Lmphasis was placed on preparing and

presenting an orientation/training course that would prepare the image inter-

preter to participate in the IOT&E of the Quick Strike Reconnaissance concept,

and gain a thorough understanding of real time/near-real time infrared imagery

interpretation. Rome Research Corporation personnel feel confident that the

training methods employed, and the materials prepared for the course have

become a valuable asset to the United States Air Force, and to the reconnais-

sance community in general, through the accomplishments described in this

report.
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SECTION It

CONCLUS• !ONS AND RE:COMMENIAT IONS

4.1. CONCLUSIONS

It is the conclusion of the program staff that the objectives of the

Quick Strike Reconnaissance Oiientation r'raining Course have been accomplished.

Overall, the QSR oriecltation and training went quite well. This is due, in

part, to the high quality of the image interpreters selected for the training.

In general, the attentivences and exporience of the class contributed greatly

in directing the course to areas which concerned the interpreteors. The inter-

action which resulted provided a great deal oF feedback regarding the QSR

concept. The information contained in al.1 instruc t- ion b.iocks was well

received by the ntudents, this was espcc.it.1 Y true wIth the blo 01k o instric.-

tion on Tnfrared Principles. Many of the students had never seen the theory

of infrared applied to imagery as it was beinlg explained.. t: is? Furrher'

concluded that;

1. The RADC/IRR Reconnaissance Data Base served as a vw.lual.o source of

data for procuring training materials for the course. Many manhours

wcre saved in reviewing and rclccting course wAiterials.

2. The QSR Trainian Manual and the AN/AAD-,5 Infrared Reconnaissance Set

Exploitation Manual provided important supplemental information as

well as helping the students understand somn aspects of infrayAd

hairdware.



3. Presentation of some degraded imagery allowed the student inter-

preter exposure to the types of data that could be encountered

during an actual QSR mission. This encouraged them to extract as

mu.Žh intelligence as possible from the degraded imagery.

4. The Practical Exercises allowed each intaerreter the opportunity to

view iwapery in a simulated near-real time manner.

5: Through the experience gained during the Practical Exercises, auto-

matic target detection and recognition of "time-sensitive" targets

became second nature to the interprcter• and

6. Limiting instruction time to 6 hours/day and creating a relaxed and

informal classroom environment greatly enhanced the learning process.

4.1.1. Recommendat ions

Through the experience gained in preparing and presenting a training

course in the near-real time interpretation of infrared imagery, Rome Research

personnel offer the following recommendations:

1. Training courses of this nature require a great amount of imagery.

The limited amount of both AN/AAD-5 and PAVE TACK FLIR restricted

the usefulness of certain Practical Exercises. The volume of infor-

mation on the imagery was sufficient to familiarize the students

with various target signatures, but required a great deal of



repetition which tended to bore the students. For future training,

a greater amount of imagery should be made available.

2. Imagery depicting a greater variety of targets and environmental

settings would increase the value of Practical Exercises.

3. With a class of 12 interpreters, additional video monitors should be

made available to alleviate crowding during FLIR Practical Exercises.

A minimum of one monitor for every two students is recommended.

4. A file of QSR training materials should be established and incorpo-

rated as part of the IRADC/IRR Reconnaissance Data Base, where it can

be retrieved for future training programs.

5. Any training materials generated during the other phases of QSR

training should also be incorporated into the data base;' and

6. A program should be initiated to evaluate the value and results of

all QSR training.
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QUICK-STRIKE RECONNAISSANCE

NEAR-REAL-TIME INFRARED TRAINING

COURSE OUTLINE/SCHEDULE

Instruction Subject
Class # Block I Subject Duration

1 Introduction 2-3 Hours

2 History of Real-Time and 3 Hours
Near-Real-Time Interpretation

2 3 Infrared Principles 2 Hours

4i Infrared Imagery Characteristics/
T.R. Signatures 4} Hours

3 5 Characteristics of the AN/AAD-5 3 Hours
Infrared System

6 Characteristics of the PAVE 3 Hours
TACnKr System

I'• Target Detection and Identification
Techniques - AN/AAD-5, Near-Real-Time 6 Hours

5 7 ~ * Target Detection 6 Identification
Techniques - PAVE TACK FLIR, Near-
Real-Time 6 Hours

Saturday - - - No Classes

Sunday - - - No Classes

8 * Interrelated Variables Affecting 3 Hours
Interpreter Performance in Near-
Real-Time and Quick Strike
Reconnaissance

9 " Data Base Preparation and 1 Hour

Utilization

iO Mission Planning Considerations 1 Hour

11 Lab Work, Study Period 1 Hour

7 Ii Lab Work, Study Period 2 Hlours
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11 Practical Examination (P.F.) 2 Hours

12 Practical Exercise in Near- 2 fours
Real-Time -- AN/AAD-5 & PAVE TACK
FLIR

8 13 * Scenario 1, Mission Planning & 1 Hour
Preparat ion

14 * Scenario 2A and 2B Near-Real- 5 Hours
Time Target Detection, Identifica-
tion and Reporting on AN/AAD-5 Imagery

9 15 * Scenario 3, Near-Real-Time Target
Detection, Identification and 14 Hours
Reporting on PAVE TACK FLIR Video

16 Scenario It, Near-Real-Time 2 Hours
Target Detection and Identification
on PAVE TACK FLiR and AN/AAD-5
Imagery

10 17 '. Final Exam 1 Hour

17 Exam Correction and Review 1 Hour

18 Closing Remarks 1 Hour

•' To include practical exercises
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INSTRUCTION BLOCK 1/1

TUTRODUCT TON

(2 Hours)

A need has been identified for day/night airborne sensors and a recon-

naissance exploitation shelter to provide a real time ground exploitation

capability for detecting and identifying time-sensitive tactical targets, and

for generating target reports.

The Reconnaissance Reporting Facility (RRF) Exploitation Shelter is a

ground station that has been developed for the real time exploitation of

data-linked infrared imagery. Design and development of the shelter has been

accomi•nished by the Tntelligence and Reconnaissance Division of the Rome Air

Development Center (RADC), Griflfiss Air Force Base, New York, in support of

the ASI)-managed Quick Strike Reconnaissance (QSR) Program. Infrared imagery

collected by the QSR RF-4C aircraft will be data-linked to the RRI for real

time target detection and identification of time-sensitive targets. Addi-

tionally, the RRF capability will. include a means for rapidly transmitting

target information to strike decision makers within a time frame consistent

with the threat imposed by tile target. Due to the time-critical nature of

these targets, reports should be in the hands of the strike decision makers

within minutes after sensor acquisition.
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In the conventional reconnaissance cycle, the time required for the

aircr•-ft to land, down-load the film, generate reports, and tantsmit these

reports consumes several hours. This is not responsive to the needs of

strike decision makers for timely information relative to tactical time-

sensitive targets.

The basic mission o0: the Reconnaissance Reporting Facility Exploitation

Shelter (Figure 1-1) is to provide immediate exploitation of reconnaissance,

such that a target assignment and subsequent strike could occur as quickly as

possible after sensor acquisition. To successfully accomplish this task, the

RRF must provide the capabilities enumerated in Figure 1-2.

The RR" has the capability to allow immekdiate exploitation of video data

transferred by the Quick Strike aircraft t:o the RR}'. The Intneetation team,

working in the RRF will be res onsible for the rapid detection and identifi-

cation of targets imaged by the AN/AAD-5 Inf,,ared System, and the PAVE TACK

Forward-Looking !nfraved (VI.TR) System. They will also be responsible for

generating the reports for transmission to the appropriate command and control

structure.

Within the RRr, there are two types of operator consoles. The first

console format is the search or scan console. This type of console will be

used primarily for target detection on the AN/AAD-S imagery and .LIR video.

The second console is the interpretatfl.on console at. which the target is

evaluated, and t'he report is composed and transmitted to the appropriate
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RECONNAISSANCE REPORTING FACILITY (RRF) CAPABILITIES

I - Present FLIR and AAD-5 sensor imagery for interpretation

2 - Provide controls to enhance presentations of th. video imagery

3 Provide automated mechanical and computer interfaces to assist

the interpreter in accurate and tiumely target detection and

intelligence dissemination

1 _ Accurately determine tatrget coordinates

S Report generation and transmit.-ion capability minimizing operator

interface

6 Digital data link to conmand and control center

Figure 1-2
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command and contiol elements, Figurce 1-3 dcpiets t~he layout of tLh cornoles

wi.th ln l:e Ril. l'ifgure I1-4 is a line dcawity orf t'hv Quick .t-riko - T'aget

Detection and Interpretation Console. 1'igure 1-5 shows the Quick Stvike -

MIRI1l Detection and Intorpu'ctat ion Console,

The next phase of Quick Strike Reconnaissance training to be conducted

by Texas Instruments, Inc. will provide ezich student with detailed instruc-

tions on the physical layout and activities of the Reconnaissance Reporting

racility (RRY). The intent of this first phase of instruction is to famil-

iarize the interpreter in real time ur near-real time interpretation tech-

niques.

It is our belief that self-confidence is the key characterist:ic oi an

effectivu real time or near-real time interpretur IIn 1most ilit:uinces, the

Ilear--re.x1 time interpreter gets onl.y one chance to detect. and correctly

identify his target(s). 1'o, this reason, he must have the Con fidence to

report his findings to the strike decisioni makers quickly.
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INSTRUCTION BLOCK #2

IIISTORY OF REAL-TIME AND NEAR-REAL-TIME INTERPRETATION

(3 hours)

OBJECTIVE

It is felt that this three-hour block of instruction is essential as a

foundation in understanding the value and effectiveness of real-time and near-

real-time interpretation. A history of real-time and near-real-time inter-

pretation studies, along with operational employment of this concept, will be

presented at this time.

INTRODUCTION

In a combat situation, such as Southeast Asia, the imagery obtained from

infrared linescan systems is often too late for tactical reaction. In re-

srnonse to this situation, specifications were set up to provide a real-time

capability for aircrews. Many real-time readout linescan systems were tried;

however, the imagery presented on the Cathode-Ray Tube (CRT) was still only

that which the aircraft had just flown over and no immediate reaction was

possible. This brought about the integration of a forward-looking infrared

system with an active weapons delivery system, thus providing immediate

reaction to the information obtained.
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During the early part of 1965 one improved l'orward--Looking Infrared

System (I'LIR) was developed by Texas instruments, Inc., and installed in an

A-26A aircraft to provide immediate reaction capability.

Test flights were conducted in a FC-47 aircraft over Eglin AFD, Florida

from 28 July through 3 August 1965. This program was given the title of

PROJECT RED SEA I.

The operational configuration within the RED SEA I aircraft consisted of

one or two operator/interpreters seated before a 3 1/2" x 7" cathode-ray tube

display. The IR scanner was continuously adjustable, and could view the

terrain from 5' above horizon to a -800 inclination. The operator had the

option WN vary thue inclination angle at any time during the flight. A 16 mm

movie camera was mounted directly in front of the CR'T at a distance of 16",

and operated by a technician to provide hard copy of the display.

The function of the operator/interpreter was to detect and/or identify

the targets from the display. In order to obtain data on this in-flight

mission, three measures of performance were derived. They were:

Check l ists of targets. This form w.u; completed by a "back-

up" operator;

2 - Tape recordings consisting of flight information and time

readings as well, as commentary on detections of targets; and
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.J Debriefing sessions, conducted at the conclusion of each

mission with each operator and covering all phases of the

mission including sensor performance and target detections.

It was determined by the test team that the RED SEA I FLIR system would

not display Vietnamese-type targets on the in-flight operators CRT, even with

large orientation fires to aid in target location and detection. (See Figure

2-I.) In addition, the concept was ineffective against time-sensitive targets.

Project RED SEA I was followed by Project RED SEA II which was a tactical

evaluation of the Hughes Aircraft Company's FLIR system. 'rest flights for

this system were conducted i:n a B-26 test aircraft over Eglin AFB, Florida

from 1,3 Op,• through 21 Sept÷mber 1965. Thc Installation In the B-26

consisted of an external, nose-mounted scanner/receiver, operator display

CRT and controls, and associated electronic equipment (Figure 2-2). The

operator display was a 5" multimode tonotron reflected to a side-mounted 16

mm scope recording camera by an offset mirror between the operator and the

CRT. Only representative displays were recorded because of:

. The large amount of film required for a complete mission

record, and

2 The problem of handling large numbers of small magazines in

flight.
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HUGHES AIRCRAFT COMPANY'S
FORWARD LOOKING INFRARED SYSTEM INSTALLATION

FIGURE 1: 5-2b TEST AIRCRAFT -CAW*,

FIGURE 2A: SYSTEM INSTALLATION

FIGURE 2B: OPERATOR DISrLAY AND CONTROLS

FIG URIE ,-'
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During the mission, the operator had continuous control over inclination and

aspect angles. In additiotn, he had the capafhi. ity to "lock-on" to a target.

As was the r'esult of RED SEA I, it was determined by the, Project kIl) SEA

TI tests that the system would not display simulated Viet Cong targets on the

in-flight operator's display. (Sec 1'igjUe 2-3.)

On 18 huly .1966, Project REDI CORSIT tests commenced to detormine thi

capabilities and limitations of an airborne observer's ability to obtain

reconna.i:;sance intelli gence from an in-flight, r'eal-:time (11,np].av. Aia in the

tests were conducted over Eglin Al-1 in an effort to simulate the Southea'lt

Asia (S}E.A) environment. The primary sensor system used for the test was a

modified UAS-5 intrared ].inoe -;(sanner wilih i.n-Fli ght kdlzp;av .apabiliti-es

(Figure 2-1). The Image Processor Viewer (TPV) provided for in-flight

processed 5" film recording an(1 viewing of a CRT linetrace. The Thermo-

plastic Recorder (TPR) offered a real-time high resolution display with a

magnification capability.

The re- Lts of Project RED CORESIT revealed:

I . .- That the equipment used +was below standarpds required For

operational utilization,

More than ono !nterpreter i,• required for effec tive in-fli .ght

interpretation, and
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MISSION NO. 5
AIRCRAFT: B-26
SENSOR! HUGHES' FURSENODR 2UGES' REXAMPLE SHOWING YELLOW RIVER
MODE: 200X 40 BORDERING TARGET AREA
ALT ITUDE- 2,000'
DATE 15 SEPT. ;S
TIMEý 2200-2400 CST

MISSIOýN NO0 7
AIRCRAFT: 9-26
SENSOR: HUGHES' FLIRMODEtI0 HU 4G RANGE CONTROL TOWER I 4 MILEALTITUDE: 1,000' WEST OF TARGET NO S
DATE, 16 SEPT- 6$
TIMý! 2000-2200 CST

MISSION NO. 7
AIRCRAFT: B-26
SENSOR HUGHES' FLIR BRUSH FIRE AND RESOLUTION TARGET
MODE lo x 46
ALTITUDE' 3,000' NEAR TARGET NO 6

DATE: 16 SCPT. ýS
TIME: 2000-2200 CST

MISSION NO. 9
AIRCRAFT: 6-26
SENSOR: HUGHES' FLIR
MODE: 209 X 4* TARGT iNICATOR (FIRE DRUM).
ALTITUDE; IA,'
DATE: 21 SEPT. &5
TIME: 0200-0400 CST

ITGURIL I'--) EXAMPLES ENLARGED FIVE TIMES.
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3 - That the images displavod wero inadequate for accurate inter-

pretation results. (See Figures 2-5, 2-6, and 2-7.)

Another system developed was the LONESOME Tiger Weapon System designed

to provide the USAF with a real-time night reconnaissance strike capability.

In this system, a forward-looking infrared scanner was coupled to a weapons

release computer (NRC) to permit level bombing under blackout conditions.

1*igures 2-8 and 2--1) are examples of MR,1k imagery collected by the Lonesome

Tiger FLIR system. Testing of this system resulted in the conclusion that

th_ field of view of the FLIR scanner was too narrow, and the FLIR range

would not permit the aircraft to operate at a safe altitude in a combat

situation.

Between 1 February 1967 and 15 April] 1967, BLACK SPOT flight tests were

accomp•l•shed over the Underbrush Test Range at Eglin AFB. RA])C was tasked

to analyze the interpreter's situation in terms of what might be expected to

influence his ability to extr'ict reconnaissalnce information for immediate

strike operations. During this program, an assessment was made of the

ability of an observer to detect targets from images displayed by a Forward-

Looking Radar (FLR), a Forward-Looking Infrared, and a Low Light Level

Teievision (lITV). This concept was further tested in the SEA operational

environment, and proved worthy of future development of advanced real-time

Systems.
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PROJECT RED CORSIT
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SAMPLE IMAGERY - FLIR

RANGE: 3/4 NM

ALT: 1,200'
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SAMPLE IMAGERY - FLIR

ACTIVE TRUCKS

I . SAM SITE

INACTIVE MISSILE

ALlT: 1,000'
TIME: 2215
SPEED: 18QK
R/H: 23%

_ ACTIVE TRUCKS

ATPCRAFT ON RAMP

HANGAR AND ATPRCRAi-ri!GI IN AF-5

-A . T: 1u1 '
TIME: 21125
SPIE1Dr: 2?IOK

R/I 1: 19%

1: I (1 IRD- -p q
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INSTRUCTION BLOCK #3

INFRARED PRINCIPLES

(2 hours)

This instruction block is designed to review infrared theory, including

the infrared spectrum, atmospheric transmission of Infrared (IR), basic

radiation, laws and infrared pnysics.

INFRARED RADIATION

In order to understand the properties of IR radiation, an overview ot

the entire electromagnetic spectrum may oe of value. Figure 3--la illustrates

the range of electromagnetic (EM) energy identified by its wavelength and

frequency. Included is a listing of some sensors commonly used to detect

energy within certain regions of the spectrum. Electromagnetic radiation is

essentially a continuum of frequencies and wavelengths from very high fre-

quency gamma waves with an extremely short wavelength to low frequency radio

waves characterized by long wavelengths. Although the spectrum in Figure 3-

la is broken down into several wavelength bands such as x-rays, ultraviolet,

visible light, etc., the boundaries are pot absolute; in fact, there is a

degree of overlap between adjacent regions.

The infrared portion of the Electromagnetir spectrum is found just

beyond the visible range. It is identified as having wavelengths ranging

A-.3-1
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from .7TVm (micron 1/1,000,000 meter) to 1000 lirm (1000 micron 1/1,000 W).

Note Figure 3-lb.

METRIC UNITS - CONVERSION FACTORS

1him (micron) = 10-6 meters

1 mm = 10-3 meters

1 cm = 10-2 meters

1 ateter = 1,000,000

1 meter = 1000 mm

1 meter = 100 cm

Figure 3-lb

Infrared (IR) radiation is further subdivided into 3 parts: (1) the near IR,

0.7 1m to 1.5 urn; (2) middle IR,l.5 1m to 5.5 1m; and far IR,b.5um to 1000P

m. The emphasis of this course as it applies to IR reconnaissance will be in

the 5.5 Pm to 100 1'm range. It is within this region that the earth's

radiant cnergy peak exists. (Note Figure 3-2) Any object with a temperature

greater than 00K (Absolute Zero) emits IR energy and therefore is detectable

within the thermal (far) IR portion of the electromagnetic spectrum. Com-

parative temperature scales and conversion formulas are shown in Figure 3-3.

But measurement of radiant energy within the thermal IR range is not entirely

dependent upon the temperature of an object. According to Stefan-Boltzmann's

Law, the radiant energy measured per unit area is a function of T4 (tempera-

ture OK), Stefan Boltzmann's constant and the ( c ) emissivity ofj a particuiar

A--3



* 300K-EARTHS RADIANT(IR)

00 ENERGY PEAK14 6000o

S~103
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z 2102
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500K
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FIGUR~E 3-•.
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BOILING POINT 212PF 100oc 373*K
OF WATER

MUTING 32*F 06C 273OK
OF ICE
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object. Emissivity is the expression o" the radiant emission of a radiating

body divided by the r'adiant emission ol- a blackbody at the same temperature.

A blackbody is defined as any object which completely absorbs all

radiation incident upon it. Thus the blackbody emits the maximam amount of

radiation possible at a given temperature. The emissivity value of an object

which does not absorb all incident radiation lies somewhere between 0.0 and

1.0. Thus the term gray body is often applies to these objects. Illustrated

in Figure 3-4L is a table listing the emmissivity for ten different surfaces.

Included is the comparison of emmission of IR radiation for two of these

surfaces.

Through this, example the importance of [L ] as 3 t-actor is e,;tabllshed.

Carbon, which has an emissivity approaching that ot a blackbody, ,adiates a

far greater amount of thermal TR radiation than polished silver -- which acts

more like a perfect reflector. As c approaches zero, the total. radiance is

diminished.

It: must be remembered that there are temporary enviYronmenta], influences

which modify the emissivity of a gray body. Water in the form of dew, frost,

or rain may alter the radiant emission of an object. In addition to this,

dust or oxides on a surface can change the surficia]. characteristic of a

target.
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MATE RIIA L TOTAL EMISSIVITY

ALUMINUM IPOLISHIEDI 0.07

CARBON 0.81

COPPER (P'OLISHED) 0.04+

IRON (OXIDIZED) D071

LEAD (OXIDIZED) 0.28

NICKEL (OXlDIZED) 03

PLATINUM (BLACK) 09

$ILVER (FOLISFIED) 0.02

TUNGSTEN (UINOXIDIZED)0.a

ZINC (OXIDIZED) 6.213

_.aJrFAN-DOl.TZ!MANN
1 '% LAW

POLTSIFD T)...EIR wmc-o7 T'D
-12 C ____

W;S .b/xU X. 02X~30I10' W-1IIERMAL RAI)IATTON IN 2813 0

W~q,?x(1 wats/cm.2 WATTS/CM2  Sbx1

W~l 2ll wat/m. :STEPHAN BOLTZ.MANN ~ Wz3.72xfl2 watts/cm. 2

W- . Vu0'iI wo ftsicin. CONSTANT 5.67 x.111 W=03 WW3m2

E zEMISSIVITY

1T:TEMPERATIJRE OK

CMTS-STVTTY TABLE- & APPLICATTON OF~ STEFAN-BOLTZMANNIS LAW

FIGURE ?3-4
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T'RANSM ISS ION 01' 1 NI RAPED ENERGY

A primary concern in the interpretation and analysis of information

derived from remotely sensed imagary is the effect of the earth's atmosphere

on eleccrowiagne-Uc radiation within the atmosphoere There are many elements

which can alter the image and hinder -the uitility of a sensor which opcrates

in ai particulair wavelength band. Changes in tho signal received by a sensing

device may he due to the presence of gaseous an(] particulate matter in the

transmission medium, the atmosphere.

The process of atmospheric scattering is most pronounced in the shorter

wavelengths (egvisible light). Scattering, is the diffusion of electro-

magnet~ic radiation by jj'-ieous and pari~icuilatn matter in the atnmompherfc. In

the 1Kt spectrXImI, th is pro(cess occiws .in the near IR regi~on and decreases

vapidly in the l-onger wavolenglths.

Absorption occurs in (certain regions of) the lit band from 1,011 to 20.O11

due to the presence of gases such as 112 (, CO2 0 2 and 0 3' (Note Figure 3-5.)

In this ease, enerwgy is actlually absorbed by naturally occuring gases inter-

fering with the free transmissi~on of TR radiaatin..

Portions of the elec-tromagnetic s~pectruim, where little or nio absorpt~ion

takes place, are referred to as atmospheric windown. In the 1K range, the [3

t~o ltA ii band is relatively free of elements which absorb ra-i~i1t-iof. I t is in

this reg'iou of the speciruo t~hat the highost tran.-mlssion of energy tal~es

place .
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Although the presence of H20 in fog weakens the transmission of ifl

radiation, sensors operating in the thermal IR range are far more useful than

those operating in the visible spectrum.

DETECTORS

So far this instruction block has centered on the principles of IR

radiation as it exists in space. The purpose of this section is to out-

line the process in which IR energy is detected and put into a form which can

be recorded and/or displayed in a real- or near-real-time situation.

Figure 3-6 illustrates the major components of an IR reconnaissance

system. The most important element in such a system is the detector. It is

this component of the system that is initially responsible for the detection

of the electromagnetic energy and therefore plays a critical role in the

acquisition of remotely sensed imagery.

IR detectors can be divided into two separate classes - thermal detectors

and quantum detectors. A thermal detector absorbs photons (discrete particles

which make up light) and the absorbed energy is diffused through the detec-

tor's atoms,,causing the temperature to rise.

An example of a thermal detector Is a thermomoeer. It detects changes

in temperature and the change in the volume of mercury is a function of that

temperature. A thermocouple is another device which possesses the character-

istics of a thermal detector. It operates in such a way that the voltage

A-3-10
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generdated by the contact between two dissimilar metals or alloys depends on

temperature•

A basic limitation inherent to thermal detectors is the slowness with

which they react to temperature change. Another problem is the limited

sensitivity which such devices possess.

A quantulm detector is quite different from a thermal detector since

internal temperature fluctuations are not evident. This type of detector is

far more selective since it does not react to a change in the total quantity

of energy (number of photons), but rather the energy possessed within each

photon. Th1p'efore, a quantum detector is sensitive to particular regions of

the IR band 1nd c6al be seiectively applied to certai.n conditions.

A drawback in the use of quantum detectors is that they must be main-

tained at a very cool temperature. This is to minimize the effects of thermal

"noise" generated by the temperature of the detector itself.

Figure 3-7 idlustrates the relative response and sensitivity of two

commonly used quantum detectors. Figure 3-8 further illustrates the range of

sensitivity for several other quantum detectors. The temperature in 0 K

listed within each detector range is the temperature at which the detector's

performance is greatest. A detector sensitive to longer wavelengths must be

cooled far more than one sensitive to the relatively shorter IR wavelengths.
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SPECTRAL RESPONSE OF
TWO QUANTUM DETECTORS
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There ar- three types of quantum detcctors, they are photovoltaic,

photoelectromagnetic, and photoconductive. A photovoltaic detector is made

up of a metal and another mat~erial (semiconductor) which, when exposed to

certtain wavelengths ot thermal r•Aeiqtion, generates a voltagc.

A photoelectr1magnetic detector depends on the generation of voltages

due to excitation of charge carrier gradients for their transducing properties.

A photocon ictive detector reacts in such a way that when exposed to

specific wavelengths of thermal radiation, its internal resistance changes.

The primary advantages of a quantum detector lie in two areas - greater

rospno~''cncso and thc opccd11of lits rcopon'.c, * n +dito,- te-spneo

these detectors may be easily amplified by standard electronic means, trans-

duced to visible light and recorded on film. It is becauise of these charac-

teristics that the quantum detector is used in IR reconnaissance.

IR SCANNING SYSTEM PIkINCIPLES AS THEY APPLY TO IMAGE INTERPRETATION

In order to fully appreciate the principles discussed thus far, this

final section will deal somewhat with the application of an IR reconnaissance

system.

The factors affecting the success of a mission are a combination of

environmental and mechanical considerations. For example, time of day, time

A-3-15



o"[f v and aud at.Iosphelpic conditions must be taken into account when planning

,1 miss ion as we]. as when interpreting imagery. since tl:e sun is the earth's

pr.imary source of encrgy, knowledge of its diurnal and seasonal cycles is of

value.

!lecause an IR sensor is not totally sensitive to visible light, the

importance of the 5un is indirect. For the most part, radiant energy emitted

by ob-jects oil ,arth is the net resuklt of energy stored during daylight

hours. Due to varying temperatures, emissivities and heat capacities, the

radiance of e-ich obhect reveals a distinct signature or IR imagery. It is

the understanding of these signatiures that makes correct interpretation

possible. The final product of an IR reconnaissance system is an image which

depicts objects of diffe-ing contrast; this contrast is the result of a

target's unique physical characteristics.
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INFRARED IMAGERY CIIARACTELIsITICS/iNI'IFRARED SICNATURE[S

INSTRUCTION BLOCK #14

(6 hours)

Techniques used ýn the interpretation of infrared imagery will bh

presented during this b.ock of instruction. The student will become aware

of the relationship that exists between the apparent temperature of an

object and its image tone.

Regardless of its form, infrared imagery is essentially a thermal map,

ima•ged by an electrical infrared reconnaissance set. An electro-optical

system must be used since photographic film is not sensitive to thermal

infrared wavelengths, ie. , the region from five to one hundred microns.

After thermal radiation is detected by the system and amplified electroni-

cally, the resultant imagery can take one of two forms. A hardcopy version

of infrared information can be produced by exposing black and white photo-

graphic film in front of an intensity modulated cathode-ray tube or an image

of the terrain can be displayed in real-time on a monitor similar to a T.V.

tube.

In the case of the Quick Strike Reconnaissance program there are two

types of the sensors employed. The first system that we will be concerned

with is the AN/AAD-5 downward-looking infrared line scanning system which

scans the terrain in a vertical mode.

A-4-1



1hi is ystew produces. hard(opy imagery (filmIi) Similar to 1:he tp

(1lepictcd in Figure 4i-1I For targe I It. d tection, interpretaition aud mnensuraition,

The other senszor employed is the PAVE TACIK Forward -Look ing Tn frarnd 0 1.11t)

System. Mica Collected Iby this tsciisor is recorded on tape andI viewoed by

image interpreters working off video monitors. Figure 4-2 is a photograph

of P'LIR imnagery taken off of a video monitor.

Since a given type of target will appear differently when imaged by a

line-scan system scanning in a vertical mode than when imaged by a FUIR in a

slant-range mode, it is imperative that the interpreter become familiar with

both i;ertical and FLTR t-arget presentations.

T" b~oth i'nlaery formiltcv I-b si~'inature of thermal. enerfgy is basically

the same. Variations in lit radiation detected by the sensors are displayed

on the imagery by aý-combination of gray tones which correspoud to the changes

in thermal emissions. When objects are hot (i.e. , radiate highly) relative

to their surroundings they are recorde~d as dark images on infrared negatives,

which appear as light or bright images on positive transparencies. (Note

1'igure 4- 3a and 11-31 )). Duiring this instruct ion block we will he workingl

with both positive and negative image presentations since, the interpIreter

will h'ave t~lis Option whenl workingp it the RR1'. hlowever'l For, the purDOS- Of'

discussion we will. refer to images as they appear on positive transparencies.

An object maly produce a bright image on a day presentation as a result of

either the thermal energy it emits or the solar energly it reflects. B~right

images on night preSenVtAtions, of course, result froit the emlissionl Of thelrm11j1
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energy only. The piresence ot reflected energy tends to make objects look

mor, naturdl (that is, three-dimensional) on day presentations than on night

',vesentations. ('igure 4-4).

TARGET/BACKGROUND CONTRAST

Bright image patterns on infrared presentations can be of help in

determining activity in areas of operation. Note the brightness of the

target signatures shown in Figure 4-5. Brightness is not the only consid-

eration to be used when interpreting infrared data. It should be lbted that

images on infrared presentations are distinguishable only because of contrast

with their backgrounds. Compare Figure 4-5 with Figure 4-6. You will

notice the targets that were quite obvious in Figure 4-5 are ict so obvious

in Figure 4-6. The fact that the targets depicted in Figure 4-6 are now

cold and therefore blend more into their background accounts for this fea-

ture. In other words, an object is distinguishable on an infrared presenta-

tion only because its rate of emmission and/or *reflection is higher or

lower than that of its surroundings. Therefore, emissivity and temperature

of objects are important factors. Figure 4-7 depicts warm target signatures

Against d snow-covered background. It should be noted however, that when

two objects are at the same temperature they emit the same amount of energy

only if their surface characteristics are the same. Since infrared sensors

record only the radiation from objects, they will record two objects which

are at the same temperature differently, if the objects material emissivities

are different.

*Daytime Imagery
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Objects vary in temperature for many reasons. Perhaps the most impor-

tant reason for differences in the temperatures of objects is that their

rates of warming and cooling are different. The temperatures of most objects

vary continously. As a rule objects which heat quickly, cool quicklv. If

two objects with different heating and cooling rates are recorded on infrared

imagery at different times during the day and night, the one with the high

rate of temperature change will appear brighter during the hot part of the

day and darker during the cold part of the night.

RADIOMETRIC CROSSOVER

One exception to this rule would be during radiometric crossovei. This

term generally refers to loss of contrast between two adjacent objects.

Crossover effects can best be illustrated in Figures 4-8, 4-9a and 4-9b.

Crossover effects occur one hour prior to sunrise and continue until one

hour after sunrise. These effects also occur one hour prior to sunset and

continue until one hour after sunset. In Figure 4-9a the bridge on Image A

may very easily go undetected because the level of radiant emittance from

the bridge is essentially equal to the radiant emittance of the water under

the bridge. Recognition of this fact (radiometric crossover) could preclude

erroneous interpretation.

IMAGE CH.AIACTERISTICS

The concept to remeTnber is that IR imagery is a record of relative

thermal raidiation differences, and the factors which affect an object's tone

A-4i-12
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aire the thermal ciiittance of the target and the T,adiation citt( d by surfaces

surrounding it. Taking these considerations into account: it: is eas'y to

understand why knowledge concerning time of day Pnd image presentation

(positive or negative) is of critical importance in IR interpretation.

With the exception of tone, the characteristics to look for when

interpreting IR imagery are similar to those found in conventional black and

whiue aeridi photography. Size, shape, texture, shadow (on daytime IR

imagery), pattern and surroundings are all important elements to be con-

sidered in the interpretation of imagery. Tone is different in the sense

that it bears no relation to the color characteristics of an object, it is

purely a function of emissivity and temperature. The geometi ic relationship

between a target and sensor can vary the strength of the signai received

from the object of interest and therefore its signature on IR imagery.

INVERSE SQUARE LAW

A basic geometric consideration is that of distance (altitude above

ground) between detector and target. A simplified version of the Inverse-

Square Law states that radiation from a point source (e.g., object on the

ground) as measured by a receiver will vary invcrsely as the square of the

distance bttween source and receiver. Energy transmitted to the receiver

equals energy at the sourco- divided by the dj5;tance squared. Essentially

this means that if a point source is radiating X watts, the energy received

at 250 feet is X/2502 watts. in other words, as the distance between the

sensor and target scene increases, there iL a vast decrease in energy received.
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,AMDURET'S LAW

Another law governing the strength of the signal received from a

radiating body is Lambert's Law of Cosines. The law states that radiation

received from a flat surface will, vary as the cosine of the angle froom which

the surface is viewed. Essentially this means that the signal received from

a target is decreased if it is not directly beneath the aircraft.

In addition to these external considerations, there are internal mechanical

factors which will also alter the portrayal of tone on IR reconnaissance.

System settings, which in the case of AN/AAD-5 are automatic, vary the tone

of an object in two separate scenes. This occurs because the system self-

adjusts both dynamic range and video gain. As a result, the average scene

temperature and target to background differences can affect image contrast

and the tone of a particular object. Since the controls for these variables

are automatic, there is little the interpreter can do about them; however,

knowledge of their affect on TR imagery is quite important.

Generally, there is a correlation botween image tone and temperature.

Because of this basic association the interpreter can make careful assump-

tions about common building materials, normal temperature patterns and

typical-surfaces. Ihlustrated in Table 4-1 are the usual thermal signatures

which depict common imaterial.s.
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I MIZARV1) T*ARk(ThT: SPINATiRES

InI tile iDnterprotat ion Of reCal--timle and near-rowil-titin imagery, the

dic~tly of detectioni and identification of time soensitive targfets is

crucial. Because the Quack Strike Reconnaissance conicept wifll deal with

targets of this nature, a basic famiiliar~ity with thicir signatures on infra-

red imagery will aid thle image interpreter in carrying out his task. Th is

ills t.r1Ukioi loc 1 i0n) 1cludoS a table which outlines the characteristic signals

for various target classes. The ainphasis of this i.nterpretation signature

index is oil targets which are highly perishable and therefore mnany less

moinh le targets have been oumi tted.

F'or tile %ake of clarity. th" follo~wingtw -f~v'tn vy 11 hpe ,,'zml in rnfnri-n

Lo JR iimagery signaturs: hot - denoting an area of high infrared retirnl,

warm - an aroa w~ith moderate return, cool -an area with a relatively low

i'etuarn dnd cold - an area denoting an almost total absence of infrared

energy. Thvese toxrns will eliminate the uise of words slich aýý Clark or light,

ths the moM of presentation (positive-vs-negative. will not aiffect the way

in which tonal quality is dloscribed.

TR~ACKEI) AND) WNll :T.17) VEHI IASE

-Trucks-

In general trucksn tend1 t present a cool. signattdre because they are

constructed of metal . Size atffcts Ohw abil)ity to intervpret the. tatgct

cor'rec tiy as sim Zeinr Iio:e , corrmet idenltifiation becomes easier.
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Infrared Signature

i'rucks are generally recognizable by their rectangular shape, (length-

to-width ratio normally 3:1) and show up as cool-cold returns on IR imagery.

An exception to this is the hot signature which is a result of the

energy emitted by the hot engine-exhaust sections of a truck. Front end

engine and single exhaust system typifies most military trucks.

-Tracked Vehicles-

Tanks, armored personnel carriers, and self-propelled guns are all

highly mobile vehicles found in nearly all physical environments.

Infrared Signature

The IR signature for tracked vehicles is typically rectangular with a

length-to-width ratio of 2:1. They usually give off a cool-cold signal when

not in operation.

When tracked vehicles are in operation the moderate to strong warm

returnffrom the single or dual exhaust system and engine compartment is

quite evident.
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-Artillery-

Artilley is the term applied to canons, launchers, and miseles de-

signed to support infantry and armor units in the field.

Due to its mobility and obvious tactical value, detection and identifi-

cation of artillery can be of critical importance. Although detection of

this class of targets is possible, the potential to identify particular

target types varies with artillery size and the environmental setting. A

key to identifying these targets lies in the pattern in which they are

found. Therefore, it is important that an interpreter be familiar with the

typical arrays for a variety of artillery pieces.

Infrared Signature

A canon or large field gun, when imaged in a favorable open environ-

ment, can be identified by the long hot or cold signature of its barrel in

relationship to the diameter of its bore. In many instances, the weapon

array may aid in identification when the artillery pieces are configured in

a definite geometric pattern. The weapons may be in a straight line, in an

arc, or set up in a boxlike or circular pattern. In nearly all cases,

revetments will be constructed as emplacements for field artillery. Although

the revetments may take on one of several shapes, all will have an open side

to permit the entrance and exit of the weapon. The signal received from

such emplacements varies with construction material which may be excavated

earth, logs, rocks, sand bags, concrete or a combination of available material.
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Due to the complexity and variety of physical properties possessed by these

construction materials, there is no one signature which typifies all the

possibilities. GAenerally speaking, the revetment will be visible on IR

imagery in contrast to surrounding terrain.

Like field artillery, missiles and rockets are mobile and are more

(easily identified by their spatial distribution in the field than through

the recognition of individual weapons. When identifiable, rockets and

missiles are characterized by a cold signature which yields a silhouette of

the weapon. In most cases, there is evidence of support equipment in the

vicinity, such as generators, radar a.itennas, and radar trailers which are

rectangular and have a length-to-width ratio or, the order of 3:1. When in

use, heat producing equipm~ent will give off hot spots as will truck engines

for truc)1-m'unted missiles. Revetments r nstructed of a variety of materials

will also be visible around missiiles that are in a "readied" state.

Althrough mortars are relatively small, they may also be detected due to

the cool signal recei.ved from the mortar pits in which the weapons are

emplaced. Any such area, whether it is a trench or artillery emplacement,

may be visible if it is in a relatively open area.

-Roads-

The signature of most roads is usually evident due to the difference in

mate, ial between the roadway and the adjacent terrain; the greater the
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contrast in the physical characteristics of these materials, the more obvious

the signature. Paved roads possess the capacity to absorb heat during the

day and therefore radiate a high amount of thermal energy in the early

evening hours. Unpaved roads do not have this capacity and are less evi-

dent. Most tines, the difference between an unpaved road and surrounding

vegetation is great enough to produce a recognizable signature. Roads can

be found in nearly all stable and semi-stable terrain and in all environ-

ments.

Infrared Signature

The long linear pattern and angular intersections that characterize

roads make detection quite easy. Although both asphalt and concrete roads

generally render a strong warm signal, asphalt's greater thermal capacity

results in a comparatively stronger signature on late-night imagery. The

median strip on divided highways is usually evident as a cool signature.

Vehicles along a road are normally detectable and sometimes identifiable if

conditions are optimal.

-Rai].roads-

The appearance of railroad tracks is characterized by a long lirear

signature and long sweeping curves, and unlike roads have no angular inter-

sections.
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In fiared Signature

On IR imagery, the rail bed usually gives off a weak warn siý,na& with

a cool signal from tl-e rails themselves. Abilitv to correctly detect the

presance of railroad tracks depends on the number of tracks and the sur-

rounding terrain. "aution should be exercise(l So that a rýoadway is not

mistaken for railroad network.

-Railroad Supt)ort daciliities-

Vari.ty of tracks, rolling stock, locomotivws and support facilities

makes detection and interpretation relatively oasy. They are usually found

in oT) W'IL' popjulation cente:r., or near malor trnspartati.n faci.!ttes (harr-

bor, major highway) where freight can be transferred to or from rail networks.

TIfilared Signature

A weak warm signal from the rail yard, and shapes of objects within a

railrh-oad ,;ujlpuovt area, aid in correct identi i cation. Hiot signals from

engine compar'rtments in locomotives indicate that they have recentl.y arrived

orl are about to depart . lank car,; containing F1 uidt, may revea I a warner

(n i .httimp) or cooler (daytiime) signature than typ:,ical frelght cars. An

exception to this is when high viscoSity petrPoluTm products ave heated and

pumped into tank cacrs; here a warm-hot, signature from the tank car is a.com-

panlied by a hot linear pipeline pattern leading from storage tanks 1:o the

"il.]inj; area.



Bridges can be made of a variety of materials; therefore, the sigZnature

on IR imagery may vary somewhat. Since most bridges of tactical importance

cross over water, their object to background contrast changes with time of

day. Ihe bridge width, the apparent number of approaches, and other asso-.

ciated features distinguish a road and railroad bridge.

Infrared Signature

Bridges imaged over water during mid-day hours render a warm signature;

whereas at night, the signal received from most bridges produces a cold

signature in contrast to the water below.

Caution should be exercised when interpreting imagery acquired around

sunrise or sunset. During these hours, radiometric crossover occurs which

virtually eliminates the contrast between a bridge and the water which lies

below.

-Harbor Facilities-

As is the case with rail yards, there are several components of a

harbor facility, which due to their size and-shape make correct identifi-

cation easy. The objects of interest are often less obvious since they are

dependent upon differing thermal emissions.
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InfPared ,ignatutie

Due to a number of lheat-producing activities, there are a variety of

returns from an area identified as a harbor facility. The signatures of

ships with running engines are identifiable by the hot spots where stacks

release exhaust.

Tankers can often he detected on imagery since they may be adjacent to

a hot pipeline system leading from POL storage tanks.

Due to contrast with water, identification of ships, submarines and

small, vessels is possible from the silhouette produced on IR imagery.

-Air fields-

Airfields are generally identifiable by the pattern revealed by the

runways and taxiways. Surrounding features such as hangars, fuel tanks and

service buildings are usually apparent on the imagery as well.

InfraredSignature

Paved runways and taxiways bear the same -haracteristics as roadways

constructed of the same material. They generally appear as warm geometric

rAturn:
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Buildings tend to return a cool--cold signal anid are identifiable by

shape and relative position. ruel tanks are easi)y identified by their

typical cylindrical shape. The tone of the tank depicted on the imagery may

offer some idea of whether it is full or empty.

-Aircraft-

The detection of aircraft located at an airfield is usually rather

easy. The contrast between the metal and pavement is sufficient to make

identification of aircraft type possible.

Infrared Signature

The definite cold signal of Most aircraft against the warm signature of

the pavement reveals a detailed silhouette.

Aircraft with running engines are visible due to hot return from the

engine areas.

"The shaded pavement beneath an aircraft may leave a "thermal shadow"

hours after the aircraft has been moved. This cool, hazy silhouette is most

apparent after a cloudless day and on surfaces with a relatively high thermal

capacity.

The warm fan-shaped signature is often the result of warm-up prior to

all ýi'craft' ' take-ot.
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-_Troop Ac t ivity-

The presence of troops in a previously unoccupied ared may be evident

through a number oF changes in the landscape. Some changes are quite subtle

and may just involve the clearing of a smal. area for a temporary camp.

Sites of a more permanent nature usually have a number of structures

such as tents or support facilities and are near a good transportation

network.

A common element found in areas occupied by troops in fire. The size,

number and pattern of fires is sometimes a clue as to the number of troops

in a region.

Track activity is another clue to an area occupied by troops.

Infrared gi-Snature

Cleared areas :;how up as cool-cold areas iat night, and as warm areas

during the day in relation to surrounding vegetation. Some familiarity with

the area Is neces-ary to reco•gnize this, change In the landscape.

"ent; aind otheri :;tructures relnder cool-cold sipnatures unless there is

sone heat .- prodk in�] aclivit~y tinside t nh ,helter, then War;li-hot: nignals are

producod.
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The hot .pots prModuced by fires are easily detected on infrared imagery.

A trailing effect and an exaggeration of the size of a fire often occurs due

to the intense heat.
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INSTRUCTION BLOCK #5

CHARACTERISTICS OF THE AN/AAD-5 DOWNWARD-LOOKING INFRARED SYSTEM

(WILL INCLUDE PRACTICAL EXERCISES)

(3 kiours)

I. INTRODUCTION - SYSTEM FUNDAMENTALS '

A. Line Scanning System

This instruction block is intended to familiarize student interpreters

with the AN!AAD-S lownward-]ooking infrared systp.m. The AN/AAD-5's components,

its operation, and characteristics are outlined and described in the following

sections. Included in this block of instruction are examples of imagery

collected under favorable, as well as unfavorable conditions. For the purpose

of this course, emphasis will be on the AN/AAD-5 characteristics peculiar to

Quick Strike Reconnaissance.

The AN/AAD-5 system employs components which scan, detect and process

information. Unlike a photographic system which records the terrain one frame

at a time, the scanner produces a continuous image. It accomplishes this

through the forward motion of the aircraft and the transverse motion of the

mirror in the IR receiver. (Note Figure 5-1.)

Through a series of mirrors, thermal IR radiation is directed to an array

of twelve detectors. The signal generated by each detector is amplified and
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then stored on the aircraft or transmitted to a ground facility. IIn either

case the electrical signals are used to modulate a beam of I ight: creating an

image on a cathode-ray tube (CRT'). As the intensity of thermal radiation

varies over space, the brightness of the light illuminated on the CRT' varies

accordingly. Photographic film moving simultaneously across the front of the

CRT is exposed, creating a hardcopy IR record of the terrain being covered.

In Quick Strike operations the laser beam recorder in the RRF exposes heat-

processed dry silver film which is available to the interpreter in a matter of

minutes.

B. Basic Geometry of the AN/AAD-5 IR Reconnaissance Set

The length of the scan line depicted in Figure 5-1 is a function of two

variables - altitude of the aircraft above ground level and field of view

MFOV). The concept of altitude iF rather simple, the greater the aircraft

altitude, the more terrain covered by a single sweep of the scanning mirror

(assuming a constant roV) (Note Figure 5-2a). Witt, the AN/AAD-5 Reconnais.-

sance System, the FOV can be changed. In turn, this will change the length of

the scan line. The system call operate in a 600 narrow (NFOV) or a 1200 wide

(WFOV) field of view as illustrated in Figure 5-2b. The latcral coverage of

the terrain in the WPOV is equal to that flown at thre times the cl"titude in

the NFOV. (Note Figure 5-2c).

Selection of the field of view is based on the following, considerations:

V/i1 Ratio - Air Speed (V) and Altitude (I1)
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It should be remembered that there is no distortion or loss of informa-

tion across the line of flight since the V/H ratio does not affect the sen-

sor's capability to record information along a scan line.

The V/H limits in both fields of view and the V/H ratio at which 80%

accurate target identification was possible in prior testing of the AAD-5

system are depicted in Figure 5-3a. There are V/H limits which in some cases

dictate which FOV must be utilized. For example, if an aircraft is flying at

a low altitude and high ground speed, (V/H ratio in the high range) it may be

necessary to use the wide FOV in order for the reconnaissance system to image

scan lines adjacent to one another. This is because the WFOV has greater

spatial resolution, (note Figure 5-3b) which allows the sensor to scan a

larger area of the terrain with each sweep. The system can therefore be

employed at lower altitudcs and higher velocities without omitting sections of

terrain.

Resolution, a measure of the system's performance, is altered by altitude

and FOV. With the AN/AAD-5 system, the resolution is different in the two

fields of view. The resolution parameter within the system is referred to as

angular resolution. This measurement is independent of altitude and is

expressed in angular units known as milliradians (mrad); a milliradian equals

.0570. The angular resolution in the two fields of view can be obtained from

the AN/AAD-5 Exploitation Manual which will be pr'ovided later in the course.

This angle determines the dimensions of the area being instantaneously viewed

by the scanner (instantaneous field of view IFOV - note F-gure 5-3c. Notice

that the area of the IFOV varies along the scan line track. Though the

A- 5-7
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angular resolution remains constant, the instantaneous fie!d of view (IFOV)

increases in sjze as the sweep angle extends away from the nadir line. It is

apparent that ac. altitude increases, the area of the 1FOV increases. The

dimensions of the IFOV (in feet) can be determined by multiplying angular

resolution in milliradians times .001 and then multiplying this by the alti-

tude in feet.

It is the average scene radiation within the IFOV that is sensed by the

detector and imaged on the film. Therefore the smaller the angular resolution,

.he smaller an object is that can be detected by the sensor and the more

accurate the representation of objects on the imagery. Due to this relation-

ship between angular resolution and the resolving power of the system, it is

in thle NFOV that the best IR imagery is obtained with regard to r"oand resolu-

t ion.

Anothern measure of the Reconnaissance system's performance is thermal

resolution. Thermal resolution is a laboratory specification of the smallest

temperature differential that can be discriminated by the system. This oper-

ating parameter is also listed in the AN/AAD-5 manual and is given in degrees

SCelsius.

An important point to remember when dealing with resolution values is

that they are derived theoretically, and can be affected by a number of ele-

ments. Atmospheric attenuation and aircraft vibration are -just two factors

which greatly affect actual performance.
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I L. MAOR COMPONENTS

The AN/AAD-b is made up of several major components. They are outlined

in the following section with a brief description of their operation and

function within the system. Figure 5-it shows the generalized location of the

major components within the aircraft.

A) Power Supply - Provides regulated and unregulated voltages to all

components.

B) Infrared Receiver - Contains the scanner, detector array, and cryostat

resp)ons.ible for ---- 'alnk'a•, ning detect or temperature.

C) Infrared Recorder - Converts the video signals and timing pulses from the

receiver and the roll correction information into the required format

necessary to produce an accurate film record of the terrain.

;) Pilm Magazine - Contains 350' of 5" standard base film or 500' of thin

base film plus associated electronics for maintaining proper film speed

and film annotation circuits.

E) Control Indicator - Display and control of field-of-view mode, standby

switch, ... etc.
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III. AN/AAD-5 TMAGE CHARACTERISITICS

A. Elements of Interpretation

The physical characteristics of AN/AAD-5 imagery are in some ways similar

to photographic film. Features are identifiable by the nature of their size,

tone, texture, shape, and associated features. The difference lies in the

emphasis placed on each of these elements. For example, the tone on nighttime

IR imagery is a result of a target's radiance and bears no relation to the

tone of an object in terms of visible light. The tone depicted on AN/AAD-5

imagery depends upon the target's radiation and the average background radia-

tion across the entire view of the system. The same target can appear differ-

ently at two different times depending on background radiation. If a warm

target is placed against a cool background, it's image on positive film will

appear light. Yet if the same target is placed against a background that is

warmer than the target itself, the image will appear dark (Note Figure 5-5).

B. AN/AAI)-5 Flight Information

Binary coded ADAS data blocks containing pertinent flight information

appear every six inches along the bottom of all AN/AAD-5 imagery used in QSR

operations (Note Figure 5-6a). Non-QSR film has data blocks every twelve

inches but is less accurate in determining coordinates for automated target

location. All information contained in the data blocks is presented in an

excess-three format which is "read" automatically in the RRF and processed by

the computer. These blocks can be read manually but it is generally very time-

A- 5-14



0

w 0

ww C

- = IA~~~.l I- )_ _ __ _ _ _

W) H H !

V) a L rr:
0.

LU

2W 0
o 0o 2

00
Ix 0

0
0I

A- 5-15



LJ

. 1.

410

Ld

ww
W0

000o ..

CL LAI

CL.

zC D

A--



consuming. 'igui.e 5-6) is all enlarged il.lustration of: the ADAS block. Co.l.-

umnns within the block represent valuoss of one, two, four, and eight, with the

sum of the bits in each column read across a given row, minus three, yielding

a value as shown in Figure 5-6c.

The codes for V/I1 and l'OV are unique to AN/AAD-5 QSR op)eration and

require a special explanation. V/H information is given in values ranging

from zero to seven. This refers to the change in sca½! (comp.ree-ion) along

tre line of flight as the aircraft exceeds a V/H limit. As the value increases,

compNression of imagery becomes more evident. Only a value of zero indicates

that the aircraft is operating within a given V/11 limit, all other values

identify increasing degrees of image compression.

Field of view is indicated by one. of two codes on the data block. The

wide field of view is identified by the binary code for a plus sign (+) and

the narrow field of view by a minus sign (-).

Tn addition to the data blocks, annotations may appear on the film which

will directly aid the interpreter in performing his interpet:ation task. An

example of supplemental data which appears on the film are the flags displayed

on the top and bottom of the film. The annotations along the top are special-

interest mar)4vrs, triggered by the air crew upon detection of possible target

activity.
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'iHE 1)ATA MATRiX IS CODED IN EXCESS THREE BINARY CODED DECIMAL. rullS
SYSTEM USES DECIMAL NUMBERING BUT IT IS RECORDED IN A CODED ]INARY
FORM AS LI STll) bfLOW. IT IS READ AS A DINARY SYSTEM, I . E . , I,,1 'JTO
RIGHT, MAKING A ISUMMATlON OF THE SIGNTFICANT BITPS, THEN SUBT'VACT'ING
TIiREE "'0 OBTAIN !'liE DECIMAL VALUES TABULATED BELOW:

COLUMNS

D EC IMA1, (-TBT- VALUE) DI D2 1)3_ B11 I N Df ENi NUMERIC
VALUF PARITY 1I311P) 1 2 4 8 IT M I EANING

-3 e NOT USED

-2 0 0 MINUS SIGN
-1 0 0 ERROR

0 0 * 0 ZERO
1 0 0 ONE
2 0 0 TWO
3 00 0 THREE
4 * * 0 FOUR
5 0 0 FIVE

:• 6 six
0 0 9 0 SEVEN

8 0 0 0 EIGHT
9 0 0 0 0 NINE

30 0 0 PLUS SIGN
11 0 0 SPECIAL
12 0 0 S 0 DIVIDER

NOTES;

1. THiE INDEX MARK ALWAYS IS PRESENT.

2. Til'; PARITY BIT I PRESENT TO CAUSE THE TOTAL COUNT OF DOTS ACROSS
ONE COLUMN TO BE AN EVEN NUMBER. 'riSls PROVIDES TilE "PARITY CHECK" TO
INSURE TIIHAT T'F BlT HI{CORDING [PS CORRECT. iF TIlE TOTAL DOT COUNT IS
ODD AN EPROR IS INDICATED AND THE DATA SHOULD BE RBJlE,'CTED.

3. THE I)IVIID)IER IS USED AS A VISUAL INDICATOR TO SEPARATE MAJOR GROUPS
OF CIIARACTERS WiTHIIN TlHE CODE MATRIX BLOCK.

I,. SIGNIFICANT BITS PROGRESS FROM D1 (LEAST SIGNIFICANT) TIHROUGII Dil
(MOST 516i11 FICANT).

5. "NOT US)ED" (DECCMAL VALUE -3) INDPCATES TruAT DATA IS NOT AVAILABLE
POP ()I IE('OR!)IN(i,

G, "!fl•GCll" (1)EClIMAL VALUE -1) INDICATES ThE INFORMATION GENERATED FOR
i.C0t4l)lNwU I OUTtSIDED THE RANGE OF THE PARTICULAR SENSING DEVICE IN USE.

y. "SPECIAL" (D)ECIMAL VALUE 11) INDICATES TIIAT TIHE INFORMATION NORMALLY
1-RIE.SENTED IN TllS LOCATION WILL BE RECORDED BY SOME OTHER RECORDING
1)LFV I

ADAS MATRIX BLOCK CONVERSION

FIGURE 5-.bc
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lgsappedni ng aongr thIIe hot tutu fr mthe a< lIlt L'p ot --poi. ifllicat ors

They ankitcmait ically annotoa te, torg1P,4'2:, 0u1 the jL,(101MId fela di I I • Ig l e.iII..,' abov(e o

pradoterinined threshold.

Another annotation of anter•st to the interpreter is the line running

along the top edge of the filn. This line will appear when the system is

flown in the Narrow Field of View (NrOV).

The fiducial mark to the right of the ADAS block indicates the point

along the film to which the Flight information r-efers. Loran coordinaites

identify the point of intersection between ,tlhe. nadir and an intersecting line

from the fidu¢cial.

C. Mens'la ation

'CechnBiquos used to measutre olbiects oil opoeratLou,.n AN/AAD-S ilaeiry can be

obtained fromn the Sensor Lxpl.o11i iio m aal.. When woorking, ill the RR!'/1'.S)

measurements will be done by the eotiiUtiev.
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INSTRUCTION BLOCK #6

CHARACTERISTICS OF THE PAVE TACK

FOWARD-LOOKING INFRARED (FLIR) SYSTEM

(3 Hours)

Instruction block 6 will deal with the unique characteristics of the PAVE

TACK FLIR System. The purpose is to familiarize the interpreter with its

cperation so that his skills will be maximized while working in the RRF/ES.

This familiarity is necessary to accomplish immediate exploitation of near-

real-time FLIR video during a QSR mission.

The FLIR System is a near-real-time infrared imagg.ng device that receives

IR energy from a scene and reproduces this scene on a CRT display. A unique

aspect of this system is the ability to "look" in any direction below the

aircraft. Informatic:: derived from FLIR imagery supplements data gathered by

the AN/AAD-5 Downward-Looking IR System. The POD containing the FLIR sensor

is mounted below the RF-lC aircraft and can be manually controlled by the

system operator, or automatically positioned by the aircraft computer.

Because the system can seciach anywhere along the terrain, it possesses a

stand-off capability unlike a dowmward-.looking sensor. Targets of a hostile

nature such as AAA sites can be viewed without directly endangering the recon-

nais'ance aircraft. In addition, this capability gives an oblique perspective

of a target area, which may yield more information than a vertical. view. An
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e(ample illustrating this characteristic would be the search for troop activity

along the edge of a heavily wooded area. A downward view can result in omis-

sion of targets and possibly draw artillery fire from hostile ground forces,

w}hereas the FLIP system can stand off at a safe range and acquire imagery.

SYS,•E CHARACIE.IST, ICS

Direct control of the PAVE TACK F'LIR System is maintained by the operator

in the RF-14C. In addition to controlling the direction in which the system

"loo1rs", he can switch polarity from positive to negative, change fields of

view, zoom in on a target, and rotate an image on the monitor.

;h, 5ystc•lr's ability to search the terrain in a variety of modes; forward,

side, and AUi" search, provides information normally unavailable with conven-

tional reconnaissance systerns. In the forward search mode, potentially dan-

gerous areas may be detected and appropriate changes made in the flight path.

Figure G-la illustrates the FLIR System's capability to look into hostile

environments before actually flying over unsecured areas with the AN/AAD-5

';7!iteI;I.

Due to siialiei, fields of view, the PAVE TACK F7IJR sensor can also compli-

ment AN/AAD-5 coverage of the same area as illustrated in Figure 6-lb. This

gives: interpreters a second view of a target scene which improves the proba-

biiity for correct identifi.cation.
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FLIR COVERAGE

AN/AAD-5 COVERAGE

GENERALIZED FIELD-OF-VIEW COMPARISON

BETWEEN THE AN/AAD-S AND PAVE TACK FLIR

FIGURIE L,-lb



Durinf) Q SF mission, ,be :i;yten operator tiav ,3w.tcL xiari tv from

positive to negative. If a certain presentatioon annovs the Intc-roreter', he

also has the option to reverse the polaritv when it appears on the video

monitor. Figure 6-? is an example of positive and negative "LI! pres;entations.

Two fields of view are available with the FLIR System, and the choice of

which FOV is employed is determined by the operator. Unlike the AI/AAD-5's

FOV, FLIR FOV's are measured angularly in three directions. Horizontal,

vertical and diagonal measurements are listed in Table 6-1 for both narrow

and wide fields of view along with a comparison of ground covera•.e at varioul-

altitudes for both the PAVE TACK FLIR and the AN/AAD-5.

ANGULAR DIMENSIONS FOR PAVE TACK F'LIR

Horizontal Vertical Diagonal

Narrow Field of View 3.2) 2.,, 1.Q

Wide Field of View 12.60 10.10° 7.60

IHORIZONTAL GROUND COV'RAGIl' AT VARIOUS ALTITUDET:S

FOR PAVE TACK 11LR AND TUF A11/AAD-?

Radar FLIR Aid)- 5
Altitude N FOV WFOV I1'OV WF'OV

•' 2"/ .5 110 3:s . 3 i04•8

lOuo0' 25 2 0 698 ?Oq6

5001 8 2. 5 330 104 7 3110

2000' 1..0 11140 1396 .1• 12

A1'.1 • A Tl•iensioio; measured in Foot-.

Tab e- 5



FIGURE ,-

PO10ITIVI. AND NEGATTVF FL IR IMAGEIS

NCLG.
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The option to zoom in on a particular target is excercised on board the

aircraft. This results in a 2x enlargement of any scene with no change in

resolution, giving the F[IR interpreter an image of increased scale from which

identification can be made.

Due to the disorientation that can result from slewing* the sensor in a

variety of directions, rotation of a scene may be done within the aircraft to

compensate for imagery which would appear unnatural on the monitor. For

instance, if the system operator cues in on a target as the aircraft passes

over it, the scene will invert and appear upside down as the sensor is direc-

ted behind the aircraft. Rotation corrects this problem so that an interpreter

can wor.k more quickly ,ith T.TO ,

MLIR INTERPRETATION

Target signatures on FLIR imagery are in many ways similar to those on

hard copy AN/AAD-5 imagery. The form of presentation is the primary difference

between the two systems. The FLIR sensor operates in the thermal infrared

region of the electromagnetic spectrum as does the AN/AAD-5; therefore, tonal

characteristics are basically the same for both systems. Targets which emit

more thermal energy than their background appear light on positive imagery ind

dark on negative imagery.

Changing of viewing angle.

A-6-7



Imagery appears on the monitor within the RRIP/ES at a rate of 30 frames

per second. tt can be played back at 1, 3, 6, 10, 15 and 20 frames per second

to more closely scrutinize a target sceer.. The interpreter also has the

option to freeze onto a scene, but this usually results in a degraded image.

The FLTR display also contains additional information pertaining to the opera-

tional status of the system. Most of this data is of little importance to the

interpreter with the exception of slant range distance, and sight line roll

and pitch angles. The slant range distance appears along the top of the

display as illustrated in Figure 6-3. It is given as 8.8 KFT, meaning that it

is 8,800 feet from the aircraft to the point on the ground in the center of

the sightline reticle.

Sightline pitch and roll indicators along the left side and bottom of the

display indicate the direction in which the PAVE TACK FITR System looks at

the teroain. Thu pitch angle scile describes the orientation of the POD along

the line of flight. The indicator runs from (00), pointiag to the front of

the aircraft, to (-1800), directly behind the aircraft (note Fig{ure 6-4a).

The roll angle indicator shows art interpreter the downward inclination of the

system across the line of flight. An angle of (-930) indicates that the PAVE

TACK FLIR POD is "looking" outward to the left of the aircraft and (+900)

means it is imaging to the right of the aircraft (note Figure 6-4b). It is

important that the interpreter calculate the downward inclination of the

system using both pitch and roll angles. Figure 6-5 depicts the orientation

of the ThIR seinsor and the appropriate pitch and roll angles as they appear on

the I'LIR monitor.
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INS'TR(UCTION BLOCK 1/0

TARGET DETECTION AND ID)ENTI'IICArIlON
'['L:,C'11NIQUES IN NEAR-REAL TIME

(12 Hours)

The key ingredient to effective near-real-time interpretation is rapid

target detection and accurate target recognition. The ability to perform in

these areas is the result of training and experience. During this training

course each interpreter became familiar with the sensor system's capabilities,

infrared principles and infrared imagery characteristics/IR 3ignatures.

During this twelve-hour block of instruction the interpreter will be employing

all techniques of imagery interpretation to rapidly detect and correctly

-&v-,.,Lf& y LItii-ne-sunsiti Vu tIIYC-iPt .° The r£,,e3silt,-• or- past Stil.les cOTICA1(ie that

as the speed of film presentation to an interpreter is increased, the proba-

bility o: his making errors also increases. However, it was further concluded

that if image interpreters have been selected for having extremely fast reac-

tion-times, it might be safe to present the film at a speed of 18 inches/

second, These results were derived from experiments utilizing interpreters

viewing conventional acrial photography. Further studies indicated that a

speed of 6 inches/second in an acceptably high rate of film presentation.

Interpreters received near-perftct correct response scores at this running

I;leed, 2 Further, when the interpr'eteps were allowed to control the running

speed, some individuals would speed up thi film to an average rati of 10

Snches/is•econ(, without hindering their ai A.ity to detect critical, targets.3

I. Human Aspects of ]'hoto rahic hnt erprett i .on , Boston University Physical
le earch Iaborat7ri-es, May 1.957, p.31.

2. Ibid, 32.
3. Ibid 11, 32.
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When interpreting the AN/AAI)--5 infrared imagevy in tiihe RRF/IrS, the

interpretel, will be Viewing the imagery at a ,axi imm, sped oF `..G i.nclhes/

second or .13 feet/minute in the WFOV; and 1.3"/second oi' 6.5 feet/minute in

the NFOV. iie will have the capah..ility to view the ima,,,ery It a slower rate

and to "freeze onto" a target (stop the Film advance), As was covet-ed in a

previous mnstruction block, one image interpreter will be responsible for

Oetocting and annotating targets, while another will be responsible for the

identilication of those targets. For tl'e purpose of trailling, each interpre-

ter will be working individually during the Practical Exercises ill this block

01 instruction.

When, interpreting the PAVE TACK FL.IP, imagery the interpreter will be

viewing the data on a CONRAC RQB-17 Video Monitov. A.,- is the interpiretation

situation with the AN/AAD--5, be will have ohe capability to "freeze" or "lock

oeto" a target sc(eno. Again, emphasis will. De placed on rapid detiection.

o S)CANNING T1CCHNIQUES IN NEAR-REAL TIME

0o AN/AAD-5 IHardcopy Imiago'ry

,evoral experiments h-,ve been coniducted in the area of imagery

scanning techniques when int:erpreting aerial framn photography.

Most rencaihcor.es have concludedl that for accurate results, the

i.nterp'retter should scan the edges of the image lfame first, and

work to tha Ceuter of the fraume.



When sqcannivnp cont inuous-str'ip imaJegery such uL the A\I/AAI)-S

while it is movinly across 4-he .light t.mbbte, expeari ee he",

proven that it is benefici.al to bepin scanning as soon as the

start of the film reaches the illuminated surface of the table,

and to scan the imagery from top to bottom and bottom to top

iust as the scanner scans the terrain. (See riRure 7-1.) In

dense canopy-covered areas, the intel'pret-or should limit his

search to the edges of the covered areas and to any roads,

trails or cleared areas that may ba apparent, In the event

that there are. distortions in the segment o0: imagery being

scanned, attention should be focused only on those ar-eas that

are discernible. (ood s;canning practices also include forming

habit.ls sich as Inoving the, eyes rather than the head, exerci.ns.ng

caution to deotect , I.dentif y and move on, r,'-thre" tihal dwell.. ing

upoi% identified targets. Keep in mind that when working in the

RRI/]S, one image interpreter will. be respoiisil.e fot, dletctilon

of targets, another for identification. However, targets that

are overlooked at the detection station should be detected on

the idlent Uircation station. Tt shotild also he. kept in Miftnd

that when working at the detection station, the interpreter

will have the capability of: moving the iVInm in the Mclvance

d i'ection only.

00 PAV TACK rc 'LI}R Data

The PAVE TACK 1'IK data w'ill be displ-,yed on, and i.nter, pr, et:ed

from, video monitors. Normally, the ointelpete2 will be

A-7-3
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receiving 30 frames/second; however, he will also have the

capability to select recording rates of 15, 20, o-ý 30 frames/

second. In addition, he will also have a "slow-motion playback"

capability of 1, 3, 6, 10, 15, 20, or 30 frames/second. The

manner in which the FUR data is displayed on the video monitor

is a function of the way the data is collected. For example,

if the FLIR szanner is imaging the terrain behind the aircraft,

the data will be presentedp on the screen of the video monitor

from the bottom. Should the FUR system be slewed to the right

side of the aircraft, the data will be presented from the left

side of the screen on the video monitor. The'method used to

scan the data should be established early, and remain constant

throughout the detection task.

During the remainder of this block of instruction, the inter-

preter will be performing various "Practical Exercises"' to

improve his detection and interpretation techniques in real

time/near-real time. These techniques will improve throagh

training and experience. As the interpreter's proficiency

improves, so will his self-confidence.

t' A-i-.5



INSTRUCTION BLOCK #7

PRACTICAL EXERCISE

ANNOTATED SEARCH AND IDENTIFICATION-AN/AAD-5

Eaui ment: Light table, 7x tube magnifier, 3 exercise answer sheets, lead

pencil.

Objective: To identify as many targets depicted in the annotated areas

during the time allocated for each exercise. There will be

"false-alarm" targets. The exercise is designed to train the

interpreter in rapid target detection and recognition It is

intended to serve as a confidence-building tool.

Instructions: 1 - Place the roll of AN/AAD-5 infrared imagery on the light

table (Emulsion down, data blocks in a readable position).

2 - Drive the entire roll of film across the table, so that you

will become familiar with the type of annotations you will be

working with during the exercise. Do not attempt to identify

the annotated targets. Once you have scanned the entire roll,

rewind the imagery to the first target scene.
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3 - During the first exercise, you will have five minutes to

identify the annotated targets. You will be viewing the

imagery at approximately 13 feet/minute. This is the maximum

speed that you will be using when working in the RRF. Write

the identification of each annotated target next to the appro-

priate number on answer sheet #1. Begin the exercise.

4 - During exercise #2 you will be allowed 6.5 minutes to

identify the annotated targets. You will be viewing the

imagery at approximately 11 feet/minute. Record your identifi-

cation next to the appropriate numbers on answer sheet #2.

Begin the exercise.

5 - During exercise #3, you will be viewing the imagery at

approximately 9 feet/minute. You have 8 minutes to complete

this exercise. Use answer sheet #3 to record your answers.

Begin the exercise.

Upon completion of exercise #3, the instructor will talk the

students through each target scene. Each student will be

required to check their answer sheet during this review. On

the top of each answer sheet record the number of targets

correctly identified, and the number of targets incorrectly

identified, or omitted.
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PRACTICAL EXERCISE

FREE SEARCH - DETECTION AND IDENTTFICATION-AN/AAD-5

Equipment: 7x tube magnifier, three (3) answer sheets, lead pencil, 1

each red, blue and black grease pencils (china markers), iiask-

ing tape.

Objective: To increase the interpreter's skills in rapid detection and

identification.

Instructions: 1 - Place the roll of AN/AAD-5 infrared imagery on the light

table (emulsion down, scene numbers and data blocks in a read-

able position).

2 - During the first exercise, you will be viewing the imagery

at approximately 13 feet/minute. Using a red grease pencil

annotate all "time sensitive" targets that you detect on each

pass. Key your an'iotations to the answer sheet provided. Use

the following procedure and forn:at:

Target Scene Annotation # Taet/Target Activity

1 1 2 1/2 ton truck

1 2 Bridge, under construction

2 1 S.P. gun

2 2 Tank
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2 3 1/4• ton truck

2 '4 Barge, off loading

You have 13 minutes to complete this exercise.

3 - Following the same procedure as you did for exercise 1,

annotate all "time sensitive" targets using a blue grease

pencil. During this exercise, you will be viewing the imagery

at 11 feet/minute. You have 15 minutes to complete this task.

Note: should you desire to change any of the interpretations

made during the previous exercise, circle the target in blue

and record your findings on the answer sheet. Do not erase

your first a .notat'-A.

-4 - Following the same procedure as you did for exercise 1 and

2, annotate all "time sensitive" targets using a black grease

pencil. During this third exercise, you will be viewing the

imagery at a rate of 9 feet/minute. You have 18.5 minutes to

complete this task.

Upon completion of exercise #3 you will be given an "overlay

key" to check the results of each task.
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INSTRUCTION BLOCK #17

PRACTICAL EXERCISE

SCANNING/TARGET DETECTION TECHNIQUES IN NLAR-RUAL-TIME - PAVE TACK FLIR

Equipment: Video monitors, lead pencil, and answer sheets.

Objectives: Practice in scanning FLIR data and detecting/identifying

targets from a video monitor.

Instructions: i. This praci.,.,• exercise will con,•,zit of three-40

minute exerrcises.

2. During each exercise you will be required to record

your detections on the answer sheets provided.

3. After completion of each detection exercise, the

video data will be presented to you a second time.

4. During this phase of the exercise you are to confirm

your detections and properly identify them on your

answer sheets.
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5. Target scenes will be identified by the "digital

time reference code" on the video monitor. An

example of how your answers ave to be recorded is

shown in Figure 7-2.
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INSTRUCTTON BI.,OCK /17

PRACTICAL EXERCIISE - DETECTION AND IDEN'I'ICATION PAVE TACK FLIR

ANSWER SIMET -

Exercise #

Digital Time Numbor of
Reference Code TargeT (s) Tavgets

rigure 7-2
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INSTRUCTION BLOCK #/8

INTER1'LA'ITi) VARIABLES AFFECTING INTERPRETER

PERPORMANCE IN NEAR-REAL-TI.ME INTERPRETATION

AND STRIKE RECONNA ISSANCE

(3 Hours)

INSTRUCTION BLOCK 119

DATA BASE PREPARAT'ION AND UTILI,'ATION

(1 Hour)

INSTRUCTION BLOCK 110

MISSION PLANNING CONSIDERATION

(1 Hour)

INTRODUCTION:

ror the next thiree hours we will be dealing with conditions that can

adversely affect the interpreter's performance in near-real-time interpreta-

tion. To reduce and/or eliminate these conditions there ave certain techniques

that the interpreter can employ. Two such technique,, are: data base prepa-

ration and utilization, and mission planning and preparation. Because the

mat:erial pr'es0ented in blocks 9 .-id 1.0 have an effect on the variables

:~Al-'O-



encounter'ed when interpreting in nenix-real-time, in1 truction blocks 0, 9

and I10 will be dealit with together. '3y preseitin. , thi' materia.1 in this,

manner, the interpreter will realize the import'ance of thoouh mssion

planning and pieparation. lie will also recognize the value of n data badso

when preparing for a QSR mission, and whilo performing his dutJies during ZUn

actual mission,

A- -2



INSTRUCTION 1LOCK #8

INTERRETIIAMI1) VARIABLES AI'FECTING

INT1ERPRETER PrRFORMANCE IN

NIAR-REAL-TIME INTERPRETATTON ANDr

STRIKE RECONNAISSANCE

(3 Hours)

During this block of instruction, the interpreter will be introduced to

two waiwni variables which may affect his performance in near-rcal-tine inter-

pretation. These variables are;

I. Stimulus Variables, and

2. Response Variables

Under stimulus variables, display conditions will be considered. When

viewing the AN/AAD-5 imagery, these conditions include:

Image Scale

Object (Target Component(s) Size, Shape, M'crostructure, Contextual
!'actors )

Image Resolution (Spati al/'rhermal)

Polari ty (Positive/Negative Presentation)

Contrast

1)D i.play Arrangement

.ight Tnt:ens ity

A- 8-3
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Size of Viewing Surface

Viewing Distance

Magnification

Film Speed (Viewing Time)

Number of Targets Present

The following illustrations depict some of the previously mentioned

stimulus variables (rote Figures 8-1 through 8-5).

Response variables to be considered when viewing the AN/AAD-5 imagery

include:

Interpreter's Acuity

Interpreter's Alertness

Interpreter's Fatigue

Interpreter's Scanning and Search Techniques

Interpreter's Morale

Apperceptive Content (target recognition and training)

Environmental Conditions (crowded, noisy work area)

When interpreting PAVE TACK FLIR data in the QSR/PRF Exploitation

Shelter, the stimulus and the response variables will be the same as when

working with "hard copy" AN/AAD-5 imagery; however, additional stimulus

variables will be introduced. Two such variables are: jitter and ambient

light. Jittex is often present on the PAVE TACK video-monitor. This is

especially true when the interpreter "locks on" or "freezes" a target.

A-8-4
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Perhaps this was noticed during previous instruction blocks. The effects of

ambient light may annoy the interpreter because of reflections on the video

screen. Other stimulus variables worthy of mention are a..rcrafe motion and

sensor slewing. These variables can have an adverse effect on the interpreter

in that he may become disorientated or even realize a sense of vertigo. For

the next thirty minutes or so, these stimulus variables will be presented.

During this time, the interpreter should experiment with adjucting the light

intensity and contrast on the video monito,. He should also experiment. with

image polarity selection and attempt to establish a comfortable viewing dis-

tance from the video monitor which will enable him to achieve optimum inter-

pretation results.

The primary response variable when viewing PAVE TACK FLIR data is

fatigue. The interpreter may realize fatigue in a shorter period of time when

interpreting from a video monitor than he would when interpreting hard copy

imagery over a light table.
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INSTRUCTION BLOCK #9

DATA BASE PREPARATION AND UTILIZATION

(1 Hour)

The QSR/RRF Exploitation Shelter has a capability for establishing a data

base which can be utilized when planning and preparing for a mission or during

the actual QSR mission. The mechanics of how to prepare and use this capa-

bility will be explained during Texas Instrument's training program. The

value and purpose of maintaining a data base will be explained at this time.

There are three primary purposes for establishing and maintaining a data

base for QSR missions. These purposes are:

1. The-interpretation team can utilize the data to familiarize themselves

with the target area (environment) to be flown. This can be accom-

plished as a mission planning and preparation task which will be

further explained during the next block of instruction. Past exper-

ience has proven that when an image interpreter is familiar with an

area of operation, his interpretation time is decreased and his

interpretations are more accurate.

2. The interpretation team can utilize the data to familiarize themselves

with the signatures of specific targets that the QSR mission will be

flown against. This can also be accomplished during the mission
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ianuinr', and npretpardilion phase of the "9SR mission. Here the inter-

,retr h.,l:; an oppoTrtunity to view these targets un.der variout; rondi-

tions. For exam[nle, the data base may contain a record of a target

imnaged at different orientations. A record that shows a target

under various conditions might also be contained in the data base.

For exampln]e, the interpreter may have the opportunity to become

familial with the siganture of a certain type of tank when it

appears on an open road, or UhKn it is positioned along a tree line,

or in d hull defilade position.

3. The interpretation team can utilize the data basye for comparative

coverage. This may be done during the actual QSR mission. Should

the interpreter detect an object that looks suspicious, but does not

disvlay enough characterist-cs for accurate interpretat-ion, he may

refer to the data base to see if the target appeared on previous

mission data. Thi procedure can reduce the false alarm rate.

Tt should be kept in mind that time is of utmost importance during a .SR

mission; therefore, the data base should be utilized to a greater extent prior

to the actual QSR mission.
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MISSION PLANNING CONSIDERATIONS

INSTRUCTION BLOCK #10

(1 Hour)

When planning an infrared mission, the image interpreter should be

familiar with mission planning considerations and factors that will affect

the appearance of the imagery. Planning infrared scanner and FLIR missions

for general reconnaissance of a specific activity requires a knowledge of:

"o The effects of time

"o Weather conditions

"o Sensor system capability

"o Target type/thermal characteristics, and

"o Position of the target with respect to nadir (mission profiles, in

order to obtain the most usable intelligence data)

Occasionally, the mission planner will have some control over such

variables as the flight profile ind the time of day. The situation often

will not permit waiting for optimal weather conditions.
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o Effects of Time

When planning an infrared mission the following time-of-day factors

should be considered:

a. Heat from vehicles, generators, pipelines, etc., can be obscured

by solar heating in the daytime. Should it be necessary to fly a

daytime mission, this tendency can often be reduced by the use of

proper filters.

b. The periods one hour before sunrise and one hour after sunrise,

and the periods one hour prior to and one hour after sunset are

the poorest for infrared missions since these are times of minimum

temperature contrast. (Refer to Instruction Block #4, "Radiometric

Crossover.")

c. Maximal heating occurs two to three hours after local noon on a

clear day.

d. Target materials that heat quickly, cool quickly.

e. During periods of extended heavy overcast, daytime records do not

have the thermal detail of imagery obtained on a clear day because

shadows are absent. Overcast conditions are usually more favorable

for detecting indications of activity (especially vehicle exhausts

and aircraft engine run-up) than are clear-day conditions.
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f. The nature of *the target activity should be considered. For

example, after heavy firing, weapon tubes can remain hot for

varying lengths of time.

o Effects of Weather

Infrared systems can be operated with limited success in marginal

weather conditions that would be unacceptable for conventional aerial photo-

graphic missions. When plamming an infrared mission, the following weather

conditions should be considered"

a. Extended periods of overcast reduce thermal contrast -nd may

eliminate details of the terrain. (Figure 10-1)

b. Extended periods of low, heavy overcast produces a condition in

which: 1 - all ground surfaces, 2 - the base of the clouds, and

3 - the atmospheric paths between, approach the same temperature,

decreasing thermal details. (Washout of thermal contrasts usually

is most severe during nighttime). (Figure 10-2)

c. An extended period duration of winds reduces differential radiant

cooling effects, bringing all exposed su:rfaces to nearly the same

level of radiation. High humidity in addition to wind crleates ý1

wind shadow effect on line scan imagery as denicted in 1) ure 19-

3.
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FIGURE iO-I

INFRARED IMAGE ArFER EXTENDED PERIOD

or OVERCAST HAS REDUCED THERMAL CONTRAST

DA W - I-'& 41iI,'

TI ME: 0930
ALI~iTUDE: 1 000'
AlPI:A I F.P11" S AI'l



FI'GURE 10-2

INFRARED IMAGE OF TERRAIN WITH LOW
HEAVY OVERCAST

DATE:~ MAR 75
TTME: 2000
ALTITJUDE- 5000'
API'A PLTOYD!), NY'
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FTGURE 10-3

EFFXtT OF HIGH WINDS AM) HUKIDITY
ON I.R. IMAGERY

DAlqti 12-1-61
TM•: 2030
AtREA: NWAR FORT WORTH. TEXAS
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d. When all surfaces are saturated with water, they radiate with high

emissivity. If all surfaces are saturated immediately after a

rain, they may appear low in contrast. (Figure 10-4)

e. Heavy fog will prevent the detection of targets located in depres-

sions of the terrain and in low-lying areas. (Figure 10-5.)

Ground fog generally forms in the late evening hours and may be

expected to continue well into the night.

f. Unlike fog, smoke cover over a target area will not affect the

quality of the infrared image of that area. Because of the

ability of infrared wavelength energy to penetrate most smoke

covers, infrared reconnaissance systems provide an excellent

method for troop movement detection under smoke coticealment, and

fop post-strike damage assessments.

g. High humidity, rain, clouds, and dust have an adverse effect on

the PAVE TACK FLIR system, av will be demonstrated on the following

tape.

Table 10-1 offers the interpreter, a limited "Target Selection Guide"

for detecting targets and target activity under various weather conditions.
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FIGUREl 10-4~

ELIMINATION Or THERMAL CONTRAST DUE

TO SATURATION Or SURFACE WIT1H RAINWATER

I)ATF: ?4~ APRI, (6M
TIME: 0100
!"I 'TITI 1: )SOO'
API*A: V'il-I'AM



FIGURE 10-5

THERMAL IMAGE DEPICTING INFORMATION LOSS
DUE TO GROUND FOG IN LOW LYING AREAS

DATE: 29 OrT 66
TIME: OW) 5
A I,'1" 1" : V/A
A\.•I'A : V I l'!bA\!
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o Mission Profile

The flight pv'ofile assigned by the mission planner/image interpreter

and flown by the pilot should be an optimization of factors concerning the

basic capabilities of the AN/AAD-5 Line Scan System and the PAVE TACK FUR

system, those concerning the safety of the Quick-Strike aircraft and the

military significance of the targets being sought.

o Mission Preparation

When working in the QSR/RRF Exploitation Shelter, the interpreter may

be called upon for advice as to how specific target areas should be flown to

achieve optimum results; however, his primary duties will be "missicn prepara-

tion." Prior to flying a QSR mission, the interpretation team working in

the RRF will be alerted. At this time, the team will be given the coordinates

of the geographic area to be flown and the types of targets that the miLsion

will be flown against. Procedures must then be established to plan and

prepare for the mission. These procedures should include the following

tasks:

I. Determination and selection of the appropriate maps/charts that

will depict the; target area(s).

2. Familiarization with and annotation of the target area(s) on the

charts.

i
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3. ReFoaccch of exisLing data 1)be to determinn ifi 1% covePa•go Or trhe

target area is available; if so, tho team should familiarize

themselves with the area.

4. Familiarization with the target signatures that the mission will

be flown against.

5. Determination of the best or preferred polarity for optimum

interpretation results,

Completion of these tasks will maximize the efficiency of the QSR concept.
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iNSTRUCTION BLOCK #11.

PRACTICAL EXAM PART I

TARGET DETECTION AND IDENTIFICATION ON AN/AAD-5 IMAGEH

(2 Hours)

This instruction block will be comprised of a two-part practical

exam. The first section will deal with target detection and identifica-

tion on AN,'AAD-5 hard copy imagery, Targets appear on both day and

night IR imagery.

Equipment: Light table, 7 x tube magnifier, exam answer

sheets, and lead pencils.

Objective: To correctly identify as many targets on the film

as possible, witrnin the allotted time.

Instructions: 1. Place the roll of AN/AAD-5 infrared imagery

on the light table with the emulsion side

down and the data blocks in a readable position.

2. You will be viewing the film at an average

speed of 11 feet per minute. During this

viewing time, all targets must be listed

according to frame number on answer sheet #1.
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3. If you fee]. that there is no significant

target activity within a frame, note it on

your answer sheet.
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PRACI'ICAL EXAM PART II

rARGET DETECTION AND IDENTIFICATION ON PAVE TACK FLIR IMAGERY

This portion of the practical exam will involve detection and identifi-

cation of targets as they appear on FLIR imagery. As in Part I, both day

and night imagerv will hA ,riowed by the interpreter. You will only have

one chance to view each scene.

Eauipment: CONRAC monitor, exam answer sheet, lead pencils.

Objectives: To correctly identify any target which appears on

the FLIR monitor.

Instructions: 1. Turn on the CONRAC monitor and set brightness,

contrast, video, and size controls to your

liking.

2. There will be no slow motion or stop action

of video; therefore, you must work quickly to

correctly identify the number and type of

target.

3. Targets must be recorded along with the

corresponding rmv which appears directly

above the sightline reticle on the video
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monitor. The first four digi-•, of thir,

computer read-out are sufficiei~t for corr,-ct

identification. Nu certaio scenes it will be

difficult to see the numerals on the cloc6

because the background tends to blend in with

the digital information. In the event that

a target is spotted and you cannot read the

time, wait until the background changes and

record the time as soon as it is readable.

A~lA.]iI•



INS'TRhe'FTIN_ BLOCIK #1)

PlAC' I ('AL I:XiC 1 SE

NEAR-REAL-TIME TARL•T DETECTION AND IDIENTIFICATTON

AN/AADI)-5 MAIERY ANDI PAVE TACK FLIR VIDEO

(2 Hours)

Introduction: This Practical Exercise will be accomplished in

two phases. During one phase, the interpreter

will be viewing hard copy AN/AAD-5 imagery over

1, light table. During the other phase, he will

be interpreting FLIR data presented on a video

monitor.

_•iuipment :Light table, CONRAC (or equivalent) video

monitor, tube magnifier, grease pencil, lead

pencil, and answer sheets.

Phase 1

Instructions: 1. Place the AN/AAI)-5 film on the light table

so that it is oriented properly.

2. You will have a total of 10 minutes to

complete the exercise, which means that
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avw~ragu ViewIill}. . ,- :..- I:u! ' , .-I' ,,<r•,-,,

0 Fool:o r "l, rI t rl

3. List all targIets and t'Fotl: act ',,.itv Oil

answer sheet III by frame number. If there

is no significant tarPet activity within ai

frame niake note of this on your answer

sheet.•

Phase It

Instructions: 1 Adjust all controln or, the CONRAC monitor for

opt imlum.I v iewiflip condit ium..

2. As was the case with the pract:ical exam,

the video wi 1.1 onl be Played one Lime.

There will bie no opt ion to fre-eze a scene

or play it lack hi slow Totion.

3. Record all, t-arget/tarPget ac ivitv on

answer sheet 2 along with ho propor

digital time reference that appears on the

monitor-.
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I :NAPI?) I1

'II',:;I, N I'I,AUIIC, AND 1I:PAPATION

(I four)

Irntroduct ion

This scenario is intended to se.:rve as a practical exercise, and to com-

pliment the r'lteridl covered in Instruction Block I1O. After completing this

tirst scenario, the interpreter should be familiar with his responsibility in

':;n mis;sion planning ind prepidrdtion.

Lquipment AMS l:2'O,:6OCI liart, Theet NH 16-5, Lead Pencil, Imagery

Examples of Target Signatures, Magic Marker, and Report

Porms.

Scenario

The interpretation team working in the RRF Exploitation Shelter has just

been notifipd that a QSR mission has been fragged to fly a designated area in

search of targets peculiar to a Mechanized Armored Unit. Ground Intelligence

sources reported sighting two Soviet GAZ-63 vehicles (similar to the U.S. 2

1/2 ton truck), and one Soviet T-54/55 medium tank on a trail in the vicinity

of geographic coordinates 300 37' 00" N, 860 15' 00" W. It is suspected that

the 75th Mechanized Armored Division is preparing to "link-up" with the 5th

A-13-1 - Cognn



Airborne M3 igade nearo ai drjop zo01e2 laceted it IeoLpYaph c cool diitCes 300 31'

00'' N, 86 0 20' 00" W and together advance an attack on Eglin Air Force Iie.ld

#/2 (Pierce).

The QSR aircraft has been tasked to fly all primary, secondary and tet-

tiary roads and trails in the suspected target area to verify this reportoed

enemy activity.

Procedures

Upon notification that a QSR mission has been f-ragged, the interpretation

team should begin p.reparing for the mission. Preparation should include the

following proceduroes:

1. 1 Determination and procurement of the approopriate maps/charts that

will adequately depict the target area(s) that are to be flown.

2. Familiarization with, and annotation of, the target area(s) on the

chart(s).

'3. Research of existing data base to determine if coverage oF the

target area is available.

[I. Familiarization with the target area on all existing coverage.

(Static targets that could be mistaken for- QSR targets should be
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noted and , 0oordod m) trh a rt ill n M I- o"t t-o iŽduce tihl "fa!j:•e

~ia I aI-II r t e during 111 t,00.' t t I'I m ~ on.

Iletermnna tion Of thle types of equipmelrt: that cOmprise a mecha1izo|

armored unit. T'his task may require researching order-of-battle

infor:%ition andoflr imagery interpr'etation kys

6. I'nwi i[rization with all tar~get signatures peculiar to the unit'C

equipment.

7. Dlet:erm nation oF Owh best or puvefevred polarity for optimuim inter-

pveIabi]ity of each target type.

8. Familiarization with the QSR/RRII report format, and all abhreviations

useo in the Quick Striike report. (This material will be covered

during .$cenarios 2A and 3A.)
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INSTRUCTION BLOCK #1"

PRACTICAL EXFRCISE

NEAR-REAL-TIME TARGET DETECTION, IDENTIFICATICN,

AND REPORTING - AN/AAD-5 TMAGERY

Equipment: Light table, tube magnifier, grease pencil, lezid

pencil, and "Quick Report" forms.

Instructions: During this exercise you will be wo:'king in two-man

teams. One interpreter will be responsible for

detecting and annotating targets on the WN/AAD-5

imagery and the second interpreter will be resporn-

sible for target identification and verbal reportiutg.

Keep in mind that when working at the detection

station, the film can only be transported in one

direction; therefore, the interpreter will get one

look at each target scene before it is advanced

onto the take-up spool.

The interpreter responsible for target identification

and verbal reporting has the capability to move the

film in either direction; however, keep in mind that

the objective of the QSR mission is to report

activity to the strike decision-makers in minimal

A- 14-1



time. This is particularly important for transitory

(TN;) and mobile (MOB) type targets.

P'rocedures: 1. Place roll #1 of the AN/AAD-5 infrared imagery

on the light table (data blocks in a readable

position).

2. Interpreter #1 - annotate all targets that are

specified in the previously read, attached

scenario.

3. During this exercise you will be allowed 13

minutes to detect and annotate the appropriate

type targets, You will be viewing the imagery

at approximately 11 feet/minute.

4. Upon completion of the detection exercise,

rewind the imagery to the supply spool.

5. Interpreter #2 - identify all annotated targets.

Verbally inform Interpreter #1 of your identi-

fications.

6. Interpreter #1 -" record the identifications on

the Quick Report forms provided. The mission

number for this exercise is S01. Each target

A,,,14-2



or group of like-targets detected in the sarle

location must be included on separate forms,

i.e., you have detected and identified seven 2

1/2 ton trucks in a convoy; your report should

read:

Mission Number: S 0 1

Target Report Number: 0 0 0 1

Identification: T R K

Number of Targets: 0 7

Operational Status: 0 P R

Perishability: T N S

Relationship: H

The next target or group of targets detected

and identified should be recorded on "TARGET

REPORT NUMBER" 0 0 0 2; etc., until all targets

identified have been reported.

7. Upon completion of the exercise, the instructor

will talk the students through each target

scene. Each student will be required to check

their "Quick Reports" during this review. On

the top of each report, record the number of

targets correctly Identified and the number of

A-1.4-3



targets incorrectly identified or omitted.

Once this has been accomplished, clean all

annotations off the film.

8. During the next phase of the exercise, Inter-

preter #2 will perform the detection and

reporting tasks, and Interpreter #1 will be

responsible for identifying all detected

targets.

9. Place roll 0-2 of the AN/AAD-S infrared imagery

on the light table in the appropriate manner.

10. Follow the same procedures outlined in items

1 through 7.

11. During this exercise you will be allowed 3

minutes to detect and annotate the type of

targets specified in the scenario. You will

be viewing the imagery at approximately 11

feet/minute.

A-14-'1



INSTRUCTION BLOCK #14

SCENARIO 2A AND 2B, NEAR-REAL-TIME TARGET DETECTION, IDENTIFICATION

AND REPORTING ON AN/AAD-5 IMAGERY

(5 Hours)

There are three primary functions to be accomplished in the near-real-

time, ground exploitation of imagery. These functions are:

1. Target detection,

2. Target identification, and

3. Target report generation.

Target detection can be de'ined ais determination of the existence or non-

existence of targets by viewing the imagery. There are two methods used to

detect targets. These methods are:

1. The dir ct approach (actually seeing the target), and

2. The associative method (the target is determined by its surround-

ings).

Target identification is the extraction of sufficient information from

imagery, relative to the target, to determine its military significance.

The types of information might include target type, number of targets,
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tdrpet location, operational status and perishability. Target report genera-

tion is the consolidation of target identification information into a concise

report tot transmission to the strike decision-makers.

In the' conventional imagery exploitation environment where time is not

a critical tactor, the design of equipment and operating procedures does not

need to specifically isolate the three primary functions. Basically, a

single interpreter, working with a single piece of equipment, performs all

three functions. However, in the near-real-time environment, in order to

meet the critical time criteria, it is necessary to isolate each of the

above functions, and initiate operational procedures to allow several inter-

preters to work in a "production line" fashion.

In the RRF Exploitation shelter, the implementation of the "production

line" approach to exploitation completely separates the target detection and

target identification functions. In this implementation, target detection

is accomplished by one interpreter scanning the incoming imagery in near-

real-time. Il s sole responsibility is to detect targets and to cue a second

interpreter to those segments of imagery containing targets. The second

interpreter, cued to the smaller segments or areas of Imagery, performs the

target identification function and inputs the identifying information into a

pre-formatted target report (see Figure 14-1). Optional operating procedures

will allow a third interpreter to actually generate the target reports using

verbal inputs from the second interpreter as he accomplishes the Identifica-

tion function.

-14 --6



Figure 14{-1 Quick Strike Reconnaissance "Quick Report"

MISSION NUMBER ------ XXXX

TARGET REPORT NUMBER: XXXX

IDENTIFICATION ------ : XXXXXXXXXX

NUMBER OF TARGETS---: XX

OPERATIONAL. STATUS--: XXX

PERISHABILITY -------- XXX

RELATIONSHIP -------- : X

ELEVATION OF TARGET-: XXXX

LORAN• TDA..... ........ XXXXXXX

I TDB ------------ : XXXXXXX

GEO COORDS-----------: XXXXXX.XX XXXXXX.XX

UTM OR UPS ----------. VXXXXXXXXXXXX

COMMENTS ------------ X_ 4'0 x

A- 14-7



The detection station or first station provides film motion and light

intensity controls necessary for accomplishing the target detection function.

The detection station operator scans the film as it moves across his station

and designates targets by circling with a grease pencil. The film moves

through a drop box to the identification station or second station where the

target identification and report generation functions are accomplished. The

identification station, through the interface With the automated data process-

ing (ADF) subsystem, provides automated assistance for determining target

coordinates and generating target reports. The identification operator,

cued to the circled areas on the film, identifies the target to the extent

necessary to complete the target report. Coded data blocks on the film are

read automatically by the code matrix reader. Using this positional data as

a reference, target locations are determined by placing the film light-

station cursor on the target. A mapboard with cursor allows automatic

correlation between film positions and locations on the reference map.

Reporting

Because the report used in the QSR/RRF is unlike other interpretation

reports that the interpreter is familiar with, it is necessary to become

auquainted with its format, the types of information to be reported, and the

abbrev iations to be used in the report.

The report shown in Figure l14-1 will be the type used in the QSR/RRF.

The "Mission Number", and "Target Report Number" will be automatically

A-14-8



initialized at the beginning of each QSR mission. The only information that

the interpreter generating the report will be responsible for is:

IDENTIFICATION - XXXXXXXXXX

NUMBER OF TARGETS - XX

OPERATIONAL STATUS - XXX

PERISHABILITY - XXX, and

RELATIONSHIP- X

All information included below "Relationship" will be automatically recorded

for the interpreter.

Figure 14-2 lists the abbreviations used in the "Identification" field

of theIQuick Report. The interpreter is allowed up to ten letters under

this field.

"Number of Targets" is self-explanatory. After the target identifica-

tion is recorded, the number of targets must be included. For example, if

two camouflaged anti-aircraft artillery (AAA) sites are identified, the

report should read:

IDENTIFICATION- -- AAACAM

NUMBER OF TARGETS---02

A-14--9



I,-

Figure 14-2 Abbreviations

The following abbreviations may be used in the identification field of

the Quick Report.

A3N Airborne

ACT Aircraft

AFL Airfield

AMO Ammunition

ANT Antenna

AAA Anti-aircraft artillery

AMG Anti-aircraft machine gun

ARM Armor

ART Artillery

ATW Automatic weapons

APt Armored personnel carrier

BKS Barracks

BBL Barrels

BN Battalion

BTY Battery

BIV Bivouac

BRG Bridge

BLD Building

CAM Camouflage

CML Commercial

COM Communications

A-14-10



DEP Depot

DIV Division

DZ Drop zone

ELC Electronics

EQP Equipment

FRY Ferry

HAR Harbor

HQ Headquarters

HEL helicopter

HOS Hospital

IND Industry

INF Infantry

JCT Junction

LOC Lines of communication

MIS Missile

MSL Mean sea level

NAS Naval Air Station

NVB Naval base

PER Personnel

PET Petroleum

PWP Power plant

QTR Quarters

RR Railroad

RFY Refinery

RVT Revetment

RVR River

RWY Runway
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SAM Surface-air missile

SSM Sur-face-surface missile

'rRP Troops

TRK Trucks

TNL Tunnel

VEH Vehicle

A-14i-12



The next category on the roport that t1he interpreter should be concerned

with is "Operational Status". Figure 14-3 lists the abbreviations used in

this field. Again, let us assume that two camouflaged anti-aircraft artillery

sites are identified. In addition, the interprater determines that both are

dummy sites. His report should then read:

IDENTIFICATION---AAACAM

NUBEDLR OF TARGETS---02

OPERATIONAL srATUS---DEC

In the third category the interpreter is responsible for is "Perish-

ability". The codes shown in Figure 14-4 describe the degree to which a

target is transitory in not,,ie. Again using the AAA site example, the QSR

Quick Report should read:

IDENTIFICATION---AAACAM

NUMBER OF TARGETS---02

OPERATIONAL STATUS---DEC

PERISHABILITY---FIX

RELATIONSHIP---H

"Relationship" is the last category of concern to the interpreter.

Figure 14-5 lists the codes pertaining to "Relationship". The code that

should be reflected on the Quick Report is shown in the example above, In

addition, a "Comm:ents" section which can accomodate up to forty letters is

A-14-13



1 i' I, u 1"1- ( ipt~ra t i 'jue t-a tI,1s

'1ho to iLowing , iro couoialtt:e'-c alle tall I e entries of oper'atoional status for

I hu QýuiCk I'epOr t and theill definitions.

OPIT Operational. All essential elements of the target are obseived

to be operational or other operational indicators are observed.

NWPi Hot Operational. Essential elements of the target are observed

to he nonperationa] or operationa]. indicators for the target

type dre obsierved to be absent.

OCC 'culdied . The target appedrs to be inhabited and/or does not

,;ntd.d ini thW eqiiipiient uC'ecessavy to accomplish its designated

Illt I Inoccupi ei. The t:argel: does not appear inhabited and/or does

not: conl :ailn tihe equiplielet necessary t:o accompl..ish its desig-

ill1 Ied l lb

U('tA I~ii~o r cu,.-t ruti. ion. The I:arget i s being constructed , repaired

or modified in such a way as to restrict the operat:ional

cail.aIilily oP the inst:al.l.alion.

1I 44 I ,i t ]. i.di ci I: gkti.alpears to be uxt:er'na .ly comlplete and

, daI-l. l , ,,I~t : i on, hu wit hout oct: iv i.,t~- indications to
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show th 11 th1 .i ns tIl.ta'I t- .ol) is aC'- il I IV n lirati rinn-I I ( to I,•

uod only when reporting t'alrets Formeriyv [IC0).

DMG Damaged. Tho tar~get has beenl datiawed to aln extent that it is

no longer capable of performing its mission but couil., be

restored to a usable condition.

DST Destroyed. The targot has been damaged to an extent that ilt

can no longer function, nor can it be iestored to usable

condition.

DEC Deception. The sole purpose of the target is to deceive,

e.g., dummy SAM sites.

AIIN Abandoned. Target/Installation is obhorved not iii cond it ion

to be of immediate use.

RMV Removed. 'farget:!TNstallation has bfeen razed, dismantled or

removed.

A :I~-
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l'igur'e in-" 1Ner1 shalbi. ty

The lfollowing codes h,:criboe the degree to which a target is transitory

in- natuure.

FIX Fixed target. One which has a high degree of probability

that it will still be at the reportcd coordinates when re-

acquired for strike; such as a building or bridge,

MOB Mobile target. One which is capable of: being movukd wi thi-n a

short period of time; such as an SA-6 site or bivouac area.

TN 1S Trransitory tar'get. One which is in motion or capable of

immIditte movemenLt such as a tank column or truck park.

A-- Iii-- 16
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TIhe fol lowing codes~ cosepi ho uw thaŽ Uu's. rAkti omahi p t-n fri'ic(nd

r Fri edIyV

H liostile

N ~ Neutr'al

U LUnknown
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available for any other pertinent information that the interpreter considers

essential to the Strike decision maker,,. Keep in mind that a separate

report must be generated for each target, or group of targets detected at

particular geographic locations.

The remainder of this block of instruction will be a Practical Exercise.

The exercise will be presented in scenario form.

A-!1' -l8



INSTRIUCTION BLOCK /11. 4

SCENARIO 2A AND 2B

Situation:

The "Friendly" (BLUE) Forces have successfully overtaken Eglintac Main

Air Force Base that had been previously held by the RED Forces. At the time

of engagement, the RED Force Units were not up to combat strength; however,

armor convoys were detected in logistical holding areas outside the reserva-

tion of Eglintac Main. It was determined by intelligence sources that the

vehicles were awaiting P.O.L. and ammunition re-supply.

It should be assumed that the RED Forces are aware of the present

combat situation and are preparing to launch a counter-attack on Eglintac

Main. There are two airfields located in the vicinity of the enemy-occupied

areas. Both airfields are capable of accommodating cargo and fighter air-

craft. At the present time, these airfields have not been secured by friend-

ly forces.

In addition, a standard-guage rail line also services the area occupied

by RED Forces. Re-supply could be accomplished through any available means

oI transponrtation.

Allied ground-recce forces report that many of' the tertiary roads in

the area are in need of repair before any heavy vehicles can travel on them.

A\- ].11-19



QSR Mission Fragged:

The interpretation team has just been briefed on the current operation-

al situation. They received notification that a QSR mission has been fragged

by higher command. The mission will be flown against the following types of

targets and target activity:

Wheeled Vehicles

Tracked Vehicles

Aircraft

AAA Sites

SAM Sites

Supply Areas

Troop Movement

Airfield Activity

Rail Activity

Road Improvement

Airfield Improvement

Te!,iporary Bridges, and

Road By-Passes

The interpretation team has completed mission preparation, and is ready

to receive mission data (imagery).

A-l'i-20



The weather has been overcast with light rain showers for the past 24

hours; therefore, it may be necessary to fly both day and night missions to

satisfy the QSR objectives. It should be assumed that any activity detected

on the imagery is hostile.

A-14-21



INSTRUCTION BLOCK 415

SCENARIO ",, NEAR-REAL-TIME TARGET DETECTION, AND

IDENTIFICATION ON PAVE TACK FLIR VIDEO

(14 Htours)

I'LIR imagery is input as composite video and is exploited using the video

exploitation subsystem. This subsystem is composed of three video viewing

stations, a video switching network and video controller, and a FLIR digital

data interface unit. One of the video viewing stations is mounted in the film

interpretation console. The remaining two stations are in the FLIR Imagery

Interpretation Console. Each video viwing station consst.. of a Conrac RD--

17C video monitor, Echo Science VDR-300 video disk recorder/reproducer, video

cursor generator, and operator control panel. Using the control panel, an

operator can select to view incoming real-time FLIR video, video previously

recorded on his disk, or to transfer video frames recorded on his disk to any

other operator's disk.

The video disk at each station provides the capability to store 600

fra-mes of: video. Routine of the video (incoming, disk-to-disk transfers, and

disk-to-monitor playback) is accomplished by the video switching network and

video controller in response to commands from the operator control panel and

ADI1 subsystem. The FLIR Digital Data Interface Unit inputs the positional

data associated with the video frames. This incoming data is maintained by

the ADP subsystem for correlation with the frames recorded on the disks.

A- 15-1.



On a premission basis, operators at two of the video stations are des-

ignated to perform the detection function. These two operators 'iiew the

incoming real-time FLIR imagery to detect targets. When a targ,.t is detected

by an operator, he may freeze (stop action display) and/or replay the frames

containing the target at any one of several selectable replay rates. Once the

existence of a target has been confirmed, the operator transfers the video

frames containing the target to the video disk at the third station. Mean-

while, the second detection operator has continued to scan the incoming FLIR

video to detect the next target. The operators continue to function in this

"ping-pong" fashion throughout the mission.

The third viewing station operator is designated to perform the idenlti-

fication and report-generation tunctions. T'•he short segments of video trans-

ferred to his disk may be replayed in forward or reverse at any nf several.

replay rates and in stop action. The operator identifies the target, deter-

mines the target location with the assistance of the video cursor and ADP

subsystem, and generates the target report in the same manner as previously

outlined.

During the next phase of your QSR training (provided by Texas Instruments)

you will be working in the QSR/RPF Flxploitation Shelter. At that time, you

will be instructed on how to use the video exploitation subsystem. The re-

mainder of this block of instruction will be a Practical Exercise presented in

scenario form. You will be tasked to detect and identify targets without the

benefit of a freeze option. To the extent that your video monitors have
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brightness contrast, and polarity-reversal controls, you have the freedom in

the operation of these controls in order to gain experience of how they affect

the video data.
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INSTRUCTION BLOCK 1/15

SCENARIO 3

SITUATION-:

The "Friendly" (BLUE) Forces are still occupying Eglintac Main Air Force

base; however, previously fragged strike missions were unsuccessful in pre-

venting the RED Forces troop buildup, due to the lack of ground support.

Allied ground-recce forces report sighting several enemy helicopters, and

fixed-wing transport aircraft outside the containment arca of Egli•ntan Main.

In addition, large convoys of armored vehicles were reported moving

closer to logistical holding areas.

Intelligence sources suspect that the anticipated counterattack on

Eglintac Main is about to be launched.

QSR MISSION YRAGGED:

The interpretation team has just been briefed on the current operational

situation. They received notification that a QSR mission has been fragged by

higher command; however, it was determined that it would be extremely hazard-

ous to fly the AN/AAD-5 directly over the enemy-occupied areas. The PAVE TACK

FLIR system will be flown against the followin! target:; and tar'get activity:
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Wheeled Vehicles

Tracked Vehicles

Fixed-Wing Aircraft

Rotorcraft (Helicopters)

AAA Sites

SAM Sites

Supply Areas

Troop Movement

Airfield Activity

Rail Activity

Road Improvement

Airfield Improvement

Temporary Bridges

Road Bypasses

Ferry-Crossing Activity

The interpretation team has completed mission preparation, and is ready

to receive mission data (rLIR video). It should be assumed that any activity

detected is of hostile nature.

Record all identifications on the "Quick Report" forms provided. The

FLIR target scene number should be noted in the "mission number" space on the

report.
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INSTRUCTION BLOCK PIC,

SCENARIO 1;, NEAR-REAL-TIMI; TARGET DETEiCTION AND

IDENTIFICATION ON PAVE rACK FLIR AND AN/AAD-5 IMAGERY

(2 Hours)

Thi-s ent1, e two hour block of instruction is a Practical Exercise pre-

sented in scenario form. During the exercise you will be working in two-man

teams.

SCENARIO 4

S iTUAT ION:

As a result of successful strike missions, the RED Forces have terminated

their counterattack on Eglintac Main and have begun to regroup in logistical

holding areas.

It has been determined by intelligence sources that the enemy has estab-

lished defenses around severatl auxiliary airfields outside of Eglintac Main.

In addition, Blue Forces' aircraft reported receiving SAM fire during pre-

viously flown missions.

Prior to attempting another counterattack, it is essential that the RETD

l'orces be resupplied with munitions and P.O.L. To prevent this resupply and

counterartack, higher comiand has issued a "seek and destroy" order,.
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QS!R MISSION P1}ACULD:

The interprpitation team has been briefed on tho current operational

situation. They received notification that a QSR mission has been fragged by

higher command. The mission will be flown against all time-sensitive targets

to include civilian tiuk and tractor-trailer activity. It should be assumed

that any activity detected is of hostile nature. Record all identification on

the "Quick Report" forms provided. The FIriR target scene number should be

noted in the "mission number" space on the report.
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MISSION
of

Rome Air Development Center

SAtDC plans and conducts research, exploratory and advanced
Sdevelopment programs in command, control, and communications

IC3 ) activities, and in the C3 areas of informatior, sciences
and intelligence. The principal technical mission areas
are communications, electromagnetic guidance and control,

Ssurveillance of ground and aerospace objects, intelligence
data collection and handling, information system technology,
ionospheric propagition, solid state sciences, microwave
physics and electronic reliability, maintainability and
compatibility.
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